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Foreword

Much has been written of the crisis of the cities, the greatest domestic crisis
to challenge America in a century. The National League of Cities and the United
States Conference of Mayors in July 1968 issued a joint statement on the urban
sitnation, which said in part:

The crisis of the City is in reality a national domestic crisis. It affects every segment of our society:
urban jobless require welfare paid for by Federal dollars nationally collected, inadequate urban
schools cast upon the nation another generation of people unprepared to make their own way,
urban traffic congestion adds millions of dollars to the cost of items on neighborhood store shelves
around the county. The crisis of the cities belongs to the nation.

The nation cannot dissolve the urban dilemma by ignoring it or by suppressing its manifestations.
The nation must face it, as it bas faced crises in the past, by: acknowledging its basic causes;
recognizing the nation’s will and ability to resolve them; accepting that objective as its obligation
to current and future generations; and reordering national priorities to assure the commitment
of the kind and magpitude of resources required.

In this important and provocative book, Professor Forrester asks whether the
measures we have adopied to alleviate urban problems have not in fact intensified
them. If he is right in contending that some solutions in the past have been less
successful than their proponents aaticipated—and in a few cases even counter-
productive in the long run—we must re-examine the problems of our cities,
abandon a number of old approaches, and adopt or invent new modes of attack.

Whether Professor Forrester’s conclusions are right will be a matter of con-
siderable and spirited debate. He offers them as tentative proposals and invites
challenge, comment, or amendment. The very debate this book will provoke—no
matter what the ontcome—will constitute an important and helpful event in the
battle to save our cities.

The plight of urban America is so grave and complex that it clearly defies
simple remedies. Professor Forrester makes the point that long experience with
simple systems has shaped our intuitive short-term responses and that, however
well motivated, they may be ineffective or even detrimental when applied to such
a complex system as an urban area.

vit



viii Foreword

His book presents a new analysis of our urban dilemma based on the methods
of “industrial dynamics™ as applied to a simulation-computer model, or “system,”
of an urban area. Using a digital computer to simulate the behavior of the sys-
tem, Professor Forrester attempts to isolate the dynamic characteristics of the sys-
tem and to show how the behavior of the actual system might be modified.

Joun F. CoLLNs
Former Mayor of Boston, 1960-1967
Past President of National League of Cities
Former Executive Committee Member of
United States Conference of Mayors
Massachusetts Institute of Technology
Cambridge, Massachuserts
November 1968

Preface

The problems of our aging urban areas are examined here by using recently
developed methods for understanding complex social systems. The plight of our
older cities is today the social problem of greatest domestic visibility and public
concern. In this book the nature of the urban problem, its causes, and possible
corrections are examined in terms of interactions between components of the
urban system.

This book emerged when my work in “industrial dynamics” converged with
the efforts of Professor John F. Collins to focus attention of the academic com-
muiity on the troubles of our cities. This examination of the urban system began
in discussions with Professor Cellins, who had taken the next office as a visiting
professor at M.L'T. after leaving his position as mayor of Boston. His enthusiasm
and his desire to continue to analyze and improve urban processes fed to a joint
endeavor to structure and model the dynamics of urban decay and revival.

Expecting the most valuable source of information to be, not documents, but
people with practical experience in urban affairs, I suggested that Professor Collins
organize informal discussions with such men. He invited Daniel J. Finn, Joseph
3. Slavet, and others to attend a series of lengthy meetings with us and a changing
group of M.LT. students. '

I approached these discussions knowing the conceptual nature of the structure
being sought, but not the specific details of the structure or the institutional
components of behavior to be fitted into it. The others brought the knowledge
of the pressures, motivations, relationships, reactions, and historical incidents
needed to shape the theory and structure of the specific social system. Discussions
between the others, focused by me at the desired degree of aggregation to main-
tain balance between detail and generality, gradually revealed a system structure
that related system components to system behavior, When a system theory takes
shape as a simulation model, its behavior precipitates more discussion and brings
out additional supporting and contradictory information that helps refine the
theory. The results of this process of discussion, crystallization, and re-examination
are presented here.



%x Preface

The history of this effort explains why there are no references to the urban
literature in this book. Several reviewers of the manuscript criticized the absence
of ties to the lterature on the assumption that such ties must exist but had not
been revealed. Actually the book comes from a different body of knowledge, from
the insights of those who know the urban scene firsthand, from my own reading
in the public and business press, and from the literature on the dynamics of social
systems for which references are given. There are indeed relevant studies on urban
behavior and urban dynamics, but to identify these is a large and separate task.

This study has depended heavily on having a time-shared computer facility
available. Without the immediate accessibility provided by a personal computer
terminal in my study at home, with day, evening, and week-end service, this
exploration of urban dynamics would probably not have been undertaken. About
four thousand pages have been processed through the computer terminal to
establish the model, the computer runs, the definitions, and the organization of
printed information. Part of the background studies of social systems were facili-
tated by time-shared computer service made available by Project MAC at M.LT.
Computer time for the publication of this book has been supported by the Ford
Foundation through the Urban Systems Laboratory at M.IT.

Alexander L. Pugh 111 has been especially helpful in expediting this work with
his skill and patience in accelerating the schedule of the DYNAMO I compiler
to handle this large simulation model. His willingness, even at night and on week
ends, to solve programing difficulties has substantially shortened the time required
for this investigation. .

The encouragement of Gordon S. Brown and Charles L. Miller gave impetus
for the additional effort needed to convert into a book what started as an informal
series of discussions aimed at mutual enlightenment. Particularly helpful have
been the criticisms of the first draft of the manuscript by O. E. Dial, Albert G. H.
Dietz, Ithiel de Sola Pool, and Allen E. Pritchard, Jr. I am also grateful for the
comments of Billy E. Goetz, Jack L. Hope, Edward J. Logue, Edward B. Roberts,
Richard L. Schmalensee, and Paul N. Ylvisaker.

In developing the model and in preparing the manuscript and organizing
related seminars and lectures, I have benefited from the enthusiastic assistance
of Bruce A. Enders, Randall J. Hekman, and Phillip P. Weidner, all students
at M.LT. The willingness of Miss Isabella S, Evans to retype the manuscript many
times, under time pressure and often beyond normal office hours, has sustained
the schedule of the book.

Jay W, FORRESTER
Massachusetts Institute of Technology
Cambridge, Massachusells
November 1968
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1 Orientation

This book is about the growth processes of urban areas. An urban area is
a system of imteracting industries, housing, and people. Under favorable condi-
tions the interplay between the parts of a new area cause it to develop. But as
the area develops and its land area fills, the processes of aging cause stagnation.
As the urban area moves from the growth phase to the equilibrium phase, the
population mix and the economic activity change. Unless there is continuing
renewal, the filling of the land converts the area from one marked by innovation
and growth to one characterized by aging housing and declining industry.

If renewal is to succeed and a healthy economic mix is to continue, the natural
processes of stagnation must not run their normal course. But the interactions
between economic and social activity are so complex that intuition alone can
not devise policies that prevent decay.

This book examines the life cycle of an urban area using the methods of
industrial dynamics that have been developed at the MLLT. Alfred P. Sloan
School of Management since 1956.* The term “industrial dynamics™ has become
too restrictive because the methods are applicable in many fields other than
industrial management. The concepts of structure and dynamic behavior apply
to all systems that change through time. Such dynamic systems include the
processes of engineering systems, biology, social systems, psycheology, ecology,
and all those where positive- and negative-feedback processes manifest themselves
in growth and regulatory action.

From the standpoint of industrial dynamics, systems are seen as feedback
processes having a specific and orderly structure. From the structure of the
particular system arises its dynamic behavior. The industrial-dynamics approach
to a social system organizes the growth and goal-seeking processes of the system
into a computer model. A digital computer is then used to simulate the behavior
of the system. The computer simulation reveals the dynamic characteristics of
the system that was described in the structure-formulating stage. By changing
the guiding policies within the system, one can see how the behavior of the actual
system might be modified.

*See Reference 1.



2 Chapter One

In this book a particular simulation model of an urban area is examined. Such
a model is a theory of urban structure and internal relationships. The model
is a selection, from numerous alternatives, of factors that are believed pertinent
to questions about urban growth, aging, and revival.

The growth model starts with a nearly empty land area and generates the life
cycle of development leading to full land occupancy and equilibrium. A variation
on the model is started with the equilibrium conditions that are reached at the
end of the growth life cycle. This equilibrivm model is used to explore how
various changes in policy would cause the condition of the urban area to be
altered over the following fifty years,

Various common urban-management programs are examined. This model of
an urban system suggests that many past and present urban programs may actually
worsen the conditions they are intended to improve. Promising alternative pro-
grams, addressed to the underlying causes of urban decay rather than to symptoms,
suggest different approaches.

The theory (model} of urban behavior presented in this book has so far been
subjected to the scrutiny of only a few people who are professionally competent
in the urban field. Interest and enthusiasm have been great enough to suggest
that the results should at this time be more widely available than through informal
seminars, Only with wider comment and criticism can the methods, the assump-
tions, and the results be adequately evaluated.

Although this book is presented as a method of analysis rather than as policy
recommendations, it is probably unavoidable that many will take these results
and act on them without further examination of the underlying assumptions.
Doing so is unjustified unless the pertinence of the model itself is first evaluated
against the requirements of the particular situation. The approach presented in
this book is suggested as a method that can be used for evaluating urban policies
once the proposed dynamic model or a modification of it has been accepted
as adequate.

1.1 Preview

The next six chapters contain the results from the simulation model and their
implications for urban programs. The detailed description of the computer model
itself is deferred to Appendix A on the assumption that most readers will want
to see the uses to which the model can be put before devoting time to understand-
ing the detailed internal structure.

Chapter 2 outlines the principles of structure found in any system and interprets
how they apply to an urban area. The resulting model describes construction
and population movement within a specific area. The area could be the political
boundary of a city but usvally will differ. The area treated here wouid be only
a part of our larger cifies. The appropriate area is small enough so that cultural,
econoric, and educational interchange is possible between its component popula-
tions. It could be a suburban area or the core area of a city but probably not
an area containing both.

Orientation 3

The urban area is represented as a social system set in an environment with
which it communicates. People in three categories—managerial-professional,
labor, and underemployed-—can move into and out of the area. The flow to and
from the area depends on the relative attractiveness of the area compared to
its surrounding environment. Conditions in the surrounding environment are
taken as a reference (which can be changing) and the atiractiveness of the area
rises and falis with respect to that moving reference. The attractiveness of the
area, compared to its environment, depends on the conditions and activities within
it. The environment is taken as a limitless source. It can supply people as long
as the area is more attractive. It can absorb people who leave when the area
is less attractive. These three concepts of specific land area, relative attractiveness,
and the limitless environment are important in understanding this model of urban
processes. (They are explained more fully in later sections.)

In Chapter 3 the life cycle of an urban area is generated by the simulation
model and shows how growth gives way to maturity and then stagnation. The
area is a complex, self-regulating system that creates internal pressures to modify
economic activity and shift the uses of land, structures, and people. These changes
are dominated by the construction, aging, and demolition of industry and housing
combined with concurrent population movements.

As a preview of Chapter 3, Figure I-1 is a 250-year life cycle of an urban
area generated by the computer in accordance with the urban theory described
in the model. The figure shows the area starting with almost empty land and
developing over a period of 100 years. By that time the land area has become
filled, new construction decreases, and the urban system stagnates into a high
level of underemployed housing and declining industry. The economic mix
becomes unfavorable with too high a ratio of underemployed to skilled labor. Too
high a proportion of the housing is in the underemployed-housing class, and
too high a proportion of industry is in the declining-industry category.

These changes, as the area emerges from growth and enters the stagnation
phase, occur as a result of the aging of structures and the conmsequent change
of activity occurring in them. In the growth phase industry has a high intensity
and employment per unit of industrial land area is high. At the same time housing
1s constructed for those engaged in the expanding industry, the residential popula-
tion is economically successful, and the population density is low per unit of
residential land area. The type of comstruction determines and freezes the ratio
of industrial to housing area. Then, as the structures age, the industrial vitality
declines, new industries start elsewhere, and employment per unit of industrial
land declines. But the opposite happens to population as housing ages. Rental
costs decline and the kind of occupancy shifts to those people whose economic
circumstances force more crowded population density per unit of residential land.
In short, starting from a balance between industry and people at the end of the
growth phase, employment declines while population rises until an equilibrium
is reached in which the economic condition of the area falls far enough to limit
further growth in population.
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Orientation 7

groupings, and traditions) forms the attractiveness image of an area. Because
of freedom to migrate (tempered by all the forces contributing to attractiveness),
attractiveness to any class of person tends to become the same for all regions.
If not, population flow continues until attractiveness equilibrium is reached.

However, a specific composite attractiveness can result from many Jifferent
mixtures of attractiveness components. As one component rises, another can fall,
The urban area may have no choice in the composite value of attractiveness
because of the equalizing effect of population movement, yet it may have a wide
choice in the trade-offs between components of that attractiveness. In Figure
1-2 the area, through its natural processes, raises unemployment to compensate
for improved housing,

Chapter 5 examines a series of policies for reversing urban decline. These
policies are directed, not at a frontal and expensive assault on the symptoms
of trouble, but instead at the causes. An example is Figure 1-3 where, at time = 0,
two program changes have been made which continue through the following
50 years.* One program is the demolition of 5% per year of underemployed
housing (slum housing). The other program is the generation of between 1%
and 2% per year of new eanterprise.

Figure 1-3a shows a decrease of 44% in underemployed housing. The popula-
tion in the underemployed category falls 8%. Skilled fabor climbs 62%, while
worker housing for that population class rises 33%. Mature business and new
enterprise both increase 75%. The economic balance of the area has shifted
substantially in the direction of more activity and a much more favorable ratio
of skilled labor to underemployed. This shift from underemployed to labor
population is accomplished by a higher upward economic mobility for the
underemployed that accompanies the industrial revival. At the same time a
corresponding shift from underemployed to worker housing delays an increase
in the underemployed immigration rate so that economic rebalancing is not
defeated. ,

Figure 1-3b shows other variables in the urban system during the same time
interval as Figure 1-3e. The underemployed/job ratio has improved from 1.8
to 1.0 by increasing employment opportunities to balance with the underemployed
population. The underempioyed/housing ratio has risen from .8 to 1.3, or 63%,
indicating a housing shortage. Tax assessments have fallen 19%.

Because of the demolition of slum housing and its replacement by industry,
the new policies in Figure 1-3 might appear at first glance to favor the upper-
income groups at the expense of the underemployed. But the number of underem-
ployed living in a city is not a measure of the city’s social value; quite the contrary.
The city should not concentrate the less successful economic classes into decaying
areas that lack economic opportunity. If we think of the city as a sociceconomic
converter, one measure of its effectiveness is the upward economic mobility from
the underemployed to the labor class. In Figure 1-3 the net flow of people from
underemployed to labor (not shown) has increased 114%. After reaching a better

*Figure 1-3 combines the conditions of Figures 5-6 and 5-10.
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economic balance, the area is more effective in upgrading skills and earning
ability.

Although the policies of slum demolition and new-enterprise construction in
Figure I-3 have reduced the underemployed population, this has not been done
by driving underemployed from the city {more detailed information in Chapter
5 and Appendix B). At all times after the inauguration of the new policies, the
underemployed-atrival rate into the city is higher and the departure rate is lower
than before the policy changes. The reduction in underemployed population
results from greater movement of underemployed into the labor class. At the
same time underemployed-housing conditions have shifted to limit the inward
population flow so that it does not rise faster than the revitalized area can absorb.
Because the populations are constant in equilibrium, the greater intake of under-
employed must be balanced by a higher outflow of trained labor and managers,
representing greater economic contribution from the revived area to the surround-
ing environment.

Figure 1-3 shows the converse of the behavior shown in Figure 1-2. Because
of the reduced availability of underemployed housing, immigration does not rise
excessively and the ratio of underemployed to jobs has an opportunity to improve.
In both situations the city comes into an attractiveness equilibrium with its
environment, but in the second situation this equilibrium is produced by a lower
housing attractiveness (less availability but probably higher quality) coupled with
much-improved job opportunities.

In the stagnant city there is crowding and empty housing at the same time.
The ratio of people to housing may be low, but for economic reasons many
of the dwelling units are unoccupied. Scarce jobs and low income force people
to share space and rental costs. To start the renewal process illustrated here,
slum demolition begins to make room for industrial sites to provide employment.
Employment begins the upgrading of skill and income to shift population to
the labor status and into the new worker housing for which they create a demand.
Continuing demolition of slum housing keeps the underemployed influx from
rising faster than the increase in employment opportunities.

Chapter 6 comments on simulation and the modeling of social systems.

Chapter 7 illustrates how model studies can be interpreted in terms of urban
policies and programs. The city emerges as a social system that creates its own
problems. If the internal city system remains structured to generate blight, external
help will probably fail. If the internal system is changed in the proper way, little
outside help will be needed. Recovery through changed internal incentives seems
more promising than recovery by direct-action government programs. But to
generate this recovery, trends in tax laws and land-use zoning will need to be
reversed.

In complex systems long-term improvement often inherently conflicts with
short-term advantage. The greatest uncertainty for the city is whether or not
education and urban leadership can succeed in shifting stress to the long-term
actions necessary for internal revitalization and away from efforts for quick results
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that eventually make conditions worse. Political pressure from the outside to heip
the city emphasize long-term, self-sustaining recovery may be far more important
than financial assistance.

1.2 Background

This study of urban dynamics was undertaken principally because of discoveries
made in modeling the growth process of corporations. It has become clear that
complex systems are counterintuitive. That is, they give indications that suggest
corrective action which will often be ineffective or even adverse in its results.
Very often one finds that the policies that have been adopted for correcting a
difficalty are actually intensifying it rather than producing a solution.

Choosing an ineffective or detrimental policy for coping with a complex system
is not a matier of random chance. The intuitive processes will select the wrong
solution much more often than not. A complex system—a class to which a
cotporation, a city, an economy, or a government belong—behaves in many ways
quite the opposite of the simple systems from which we have gained our experi-
ence.

Most of our intuitive responses have been developed in the context of what
are technically called first-order, negative-feedback loops. Such a simple loop
is goal-seeking and has only one important state variable. For example, warming
one’s hands beside a stove can be approximated as a first-order, negative-feedback
loop in which the purpose of the process is to obtain warmth without burning
one’s hands. The principal state variable of the loop is the distance from the
stove. If one is t0o close he burns his hands, if too far away he receives little
heat. The intuitive lesson is that cause and effect are closely related in time and
space. Temperature depends on the distance from the stove. Too much or too
little heat is clearly related to the position of the hands. The relation of cause
and effect is immediate and clear. Similarly, the simple feedback loops that
govern walking, driving a car, or picking things up all train us to find cause
and effect occurring at approximately the same moment and location.

But in complex systems cause and effect are often not closely related in either
time or space. The structure of a complex systern is not a simple feedback loop
where one systemm state dominates the behavior. The complex system has a
multiplicity of interacting feedback loops. Its internal rates of flow are controlled
by nonlinear relationships. The complex system is of high order, meaning that
there are many system states (or levels). It usually contains positive-feedback
loops describing growth processes as well as negative, goal-seeking loops. In the
complex system the cause of a difficulty may lic far back in time from the
symptoms, or in a completely different and remote part of the system. In fact,
causes are usually found, not in prior events, but in the structure and policies
of the system.

To make matters still worse, the complex system is even more deceptive than
merely hiding causes. In the complex system, when we look for a cause near
in time and space to a symptom, we usually find what appears to be a plausible
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cause. But it is usually not the cause. The complex system presents apparent
causes that are in fact coincident symptoms. The high degree of time correlation
between variables in complex systems can lead us to make cauwse-and-effect
associations between variables that are simply moving together as part of the
total dynamic behavior of the system. Conditioned by our training in simple
systems, we apply the same intuition to complex systems and are led into error.
As a result we treat symptoms, not causes. The outcome lies between ineffective
and detrimental.

This failure of infuition has often been found in the corporate setting by the
process of building a simulation model of the policy structure of the organization.*
Often it is possible to show that those policies and practices of which the organiza-
tion is most aware are by themselves sufficient to create the difficulties that plague
the organization. In fact, often the very things being done to correct the difficulty
make it worse. If the attempted solution intensifies the problem, wrongly attrib-
uted to another source, the organization fikely will redouble its “corrective”
action, producing more difficulty and pressure for still more remedial action. A
destructive spiral becomes established.

The likelihood that these same counterintuitive processes might be at work
in a system as complex as a city provided the major incentive for undertaking
this study.

The pervasive sense of failure and frustration among men concerned with
management of urban affairs points to the likelihood that the inherent behavior
of complex systems defies the intuitively “obvious™ solutions of the past. Among
political leaders, managers of redevelopment activity, and political scientists
interviewed in connection with this study, there was the overwhelming opinion
that the problems of the urban area remain severe in spite of the variety of
programs that have been tried over the last three decades.

Contributing to the selection of ineflective programs is the nature of the conflict
between short-term and long-term considerations in complex systems. Very often
the actions that seem easiest and most promising in the immediate future can
produce even greater problems at a later time. Humanitarian impulses coupled
with short-term political pressures lead to programs whose benefits, if any,
evaporate quickly, leaving behind a system that is unimproved or in worse
condition. Job-training programs, low-cost-housing programs, and even financial
aid, when used alone without improvements in the economic climate of a city,
can fall into this category of short-term promise followed by detrimental long-term
change.

Another purpose of this study is to focus attention on the entire life cycle
of an urban area. A few of those interested in urban areas have shown a tendency
to turn away from the old, decaying inner city and to concentrate on new cities
as a solution to the urban problem. But a new city becomes old. If the normal
processes of stagnation and decay are allowed to continue in young cities that

*Reference 2, where suppression of growth in a product caused by the capital-investment policy can easily
be attributed 1o assuined shortcomings in the sales department.
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are still in good health, they too will falter. Furthermore, the processes of stagna-
tion and decay that one sees in today’s urban areas will, unless preventive
measures are taken, overwhelm the present healthy suburban areas. Urban
difficufties are not a matter of location so much as a phase in the normal life
cycle of occupied land.

For all these reasons it seems urgent that we begin to understand the growth
and aging process of a city. This book is intended as a contribution to that
understanding. It is preliminary. It suggests a method of attack. It is not presented
as a set of final answers to guide urban policy-making. Before implementing
the kinds of policy changes that are explored in this book, there should be much
more examination of the theory of urban growth herein proposed.



2 Structure of an Urban Area

2.1 General Structure of Systems

Before discussing the specific structure chosen here to represent an urban area,
the general nature of structure as found in all dynamic systems will be sum-
marized.* To model the dynamic behavior of a system, four hierarchies of
structure should be recognized:

Closed boundary around the system
Feedback Ioops as the basic structural elements within the boundary
Level (state) variables representing accumulations within the feedback

loops

Rate (flow) variables representing activity within the feedback loops
Goal
Observed condition as components of
Detection of discrepancy a rate variable

Action based on discrepancy

Closed-System Boundary. To develop a complete concept of a system, the bound-
ary must be established within which the system interactions take place that give
the system its characteristic behavior. Figure 2-1 symbolizes the closed-boundary
concept. The boundary is chosen to include those interacting components neces-
sary to generate the modes of behavior of interest. If a particular difficulty in
a system is being investigated, the system described within the boundary should
be capable of generating that difficulty. The closed-boundary concept implies
that the system behavior of interest is not imposed from the outside but created
within the boundary.

The closed boundary does not mean that the system is unaffected by outside
occurrences. But it does say that those outside occurrences can be viewed as
random happenings that impinge on the system and do not themselves give the
system its intrinsic growth and stability characteristics.

*For additional discussion of the general theory of structure, see References 4 and 6.
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Dynamic behavior
generated within the
boundary, Charscteristic
modes of behavior created
by interactions within the boundary.

Figure 2-f  Closed boundary defining a dynamic system.

To build a computer simulation model of a system, one must first estimate
what components are interacting to produce the behavior being investigated. The
choice selects those components which lie within the dynamic boundary for the
particular stady and excludes all other potential components as being irrelevant
to the study and therefore outside the dynamic boundary.

Feedback-Loop Structure. The dynamic behavior of systems is generated within
feedback loops. Feedback loops are the fundamental building blocks of systems.
Figure 2-2 shows the simplest possible feedback-loop structure. A feedback loop
is composed of two kinds of variables, called here rate and level variables. These
two kinds of variables are necessary and sufficient. The simplest possible feedback
loop must contain one of each. A feedback loop is a structure within which a
decision point—the rate equation--controls a flow or action stream. The action
is accumulated (integrated) to generate a system level. Information about the
level is the basis on which the flow rate is controlled.

The distinction between rates and levels—often with other terminology-—is
recognized in many fields. In economics flows and stocks are often used to mean
the same as rates and fevels mean here. In accounting the two kinds of variables
are sharply distinguished. The balance sheet of a corporation lists the values
of level variables. The profit-and-loss statement represents rates of flow and
corresponds to the rate variables (except for a small technicality arising because
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Figure 2-2 Simplest possible feedback loop having one rate and one level.
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profit-and-loss variables are averaged over a time period rather than being
instantaneous values). In psychology Lewin* describes psychological field theory
in such terms that it is clear his “life space”™ is a set of level variables subject
to being changed by various rates. In engineering the “state-variable” approach
to engineering systems refers to the same concept here called levels.

In a feedback loop the level variables are accumulations or integrations. A
bank balance, the number of people in a city, the number of new enterprises,
or the amount of slum housing are all level variables. Each results from accumulat-
ing or integrating the inward and outward flows. The rates of flow cause the
levels to change. The levels provide the information inputs to the rate equations
which control the flows. Levels are changed only by rates of flow. The rate
variables depend only on information about the levels. No rate can directly affect
any other rate and no level directly affects any other level. One level can affect
another only through an intervening rate. Any path through the structure of a
system will encounter alternating levels and rates, never two variables of the
same type in succession.

The rate equations are the statements of system policy. They determine how
the available information is converted to an action stream. Within each rate
equation there is explicitly or implicitly a goal toward or away from which that
decision point in the system is striving, There is also a process whereby the
observed condition of a system is detected. It is the observed condition, not the
true condition, that determines action. Very often in systems the perceived
condition of the system is distorted and Iags with respect to the true condition.
A rate equation states the discrepancy between the goal and the observed condi-
tion. And finally, the rate equation states the action that will result from the
discrepancy. "

Using these concepts of structure, we now proceed to represent an urban area.

22 Structure of the Urban Model

When first modeling a social system it is usually best to model the general
class of system rather than a specific system. Here, this means a model to represent
the central processes common to all urban areas rather than to represent those
of a specific area. The general model will be simpler and more basic because
it omits the peripheral considerations that may be special to a particular place.
It focuses on those system components that are always to be found interacting
in urban growth and stagnation. The model should include only those processes
necessary to the creation and correction of urban decay.

Boundary of the Urban System. The first step in modeling the urban interactions
is to choose a system boundary that defines the concepts that interact to produce
the behavior of interest. Interest here is in the broad sweep of how an area evolves.
The model should show how an area develops from empty land and eventually

*Reference 3.
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Figure 2.3 The urban area in its limitless environment.

fills that land with decaying housing and declining industry to produce economic
stagnation. For an urban area in its stagnation phase, we are interested in the
policy changes that can produce revival and a return to economic health.

Urban growth and stagnation do not appear to require changes in the world
environment as a cause. The urban problem is not limited to any single country,
society, or historical era. The behavior of a city is much more directly dependent
on its own economic merit and its changing internal mix of industry, housing,
and population. Most urban areas seem to evolve through a similar pattern. It
can be assumed that any one area is small enough in the world setting not to
affect the outside environment. For our purposes the urban area can therefore
be taken as a living system that communicates with an environment it does not
substantially influence.

Figure 2-3 suggests an urban area in a limitiess environment. The area com-
municates with the environment but does not alter it. People from the outside
come into the area and leave it without affecting the outside.

The specific system boundary is most easily defined in terms of the interacting
components that are to be included within the system. Figure 2-4 shows the
principal level variables and rate variables chosen as the central framework of
an urban system. The nine rectangles represent the system levels. They are
accurulations generated by the net rates which flow in and out of each level.
The 22 principal rates are shown by the valve symbols controlling the flow
streams. Not shown is the network of information connections from the levels
to the rates.

In Figure 2-4 are three subsystems: business, housing, and population. These
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three subsystems are chosen because they appear to be the dynamic framework
of urban structure. The changes in housing, population, and industry are the
central processes involved in growth and stagnation. They are more fundamental
than city government, social culture, or fiscal policy. Observation of the city
suggests that the important changes involve shifting populations as housing
structures age and industry falls behind the outside economy.

The aging of a city is here conceived as an internal process, like the aging
of a person. Aging is not a series of changes generated and imposed primarily
by the outside environment, although changes from the outside might hasten
or retard the process. In Figure 2-4 the levels (rectangles) and rates (valves),
along with the information connections from levels to rates (not shown), represent
the system components within the dynamic boundary. The “cloud™ symbols are
the sources or destinations of flows going from or to the outside environment,
The flows from or to the outside are controlled only by conditions within the
system.
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The Environment as a Point of Reference. If flows from and to the outside are
controlied only by the levels within the system boundary, the outside environment
is implicitly taken as a reference. If comditions in the urban area are more
favorable than those outside, people and industry will move in, and of course
the reverse is true.

There is no need to astume that the reference environment is fixed and
unchanging. Of course it does change over a period of several hundred years
in the life of a city. We do assume that the “normal” condition of a city changes
along with the outside reference. Our attention is focused on how the particular
city differs from the normai as it evolves.

This concept of the closed boundary within which lie the components that create
the behavior of interest is apparently hard to explain. The closed boundary and the
limitless environment are two sides of the same coin. Certain components interact
to create the kinds of responses being studied. These, by definition, lie within the
boundary. Anything that is not essential to creating the behavior of interest is, by
that lack of essentiality, on the outside in the unspecified environment.

Elements outside the boundary are related to those inside very differently than
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Figure 24 The major levels (rectangles) and rates (valve symbols) for the model of an urban area,
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the city. These comments are of course true. But these influences are not the
primary causes of aging and stagnation in cities. If slum areas can be generated
without such external changes, then internal interactions must be more essential.

The open-loop test of independence between system and environment can be
stated as follows: Mechanization of agriculture in the environment can increase
pressure on a city, but does the development of a city shum affect the mechanization
of agriculture in any direct way? Probably not. Similarly, weather may affect mi-
gration, but migration does not affect weather. This break in reverse causality dy-
namically separates the environment from the urban system discussed in this
book.

The closed dynamic boundary does not mean that the urban area is isolated.
People come and go. Commerce exists. But it does mean that cause-and-effect
loops do not reach outside the boundary and return. For example, migration to
the area has its effect by filling and thereby altering the area, not by emptying
the outside world.

These assumptions will be satisfactory as long as a city does not dominate the
social system within which it lies. The assumption of a city existing in a limitless
environment might need revision for analysis of a large city in a small country
with strong barriers against immigation. :

All other urban areas, even those that are part of the same city, are part of
the outside environment. The area being medeled communicates with the sur-
rounding countryside and other urban areas in the environmental setting.

So the urban area is represented as a living, self-controlling system that regu-
lates its own flows of people to and from the outside environment. This approach
does not assume that either the area or the outside world is static. It assumes
that the technology, the living standards, and the nature of economic activity in
the area change to keep pace with the outside. The changing outside environment
is not pertinent to this book.* We are here concerned only with how the urban
area performs relative to that outside. If the area is more attractive to a particular
class of person, inward migration of that class occurs. If the area is less attractive,
outward migration occurs.

Relative Attractiveness. Using the environment as a reference point means that
conditions within the urban model are being generated relative to the environ-
ment. The mode] shows how the area becomes more or less attractive than the
surrounding country and other cities and thereby causes the movement of industry
and population to and from the area. Only differences in attractiveness between
the area and environment are significant. The model does not, and need not,
deal with changing technology and a rising national standard of living. We are
interested in urban improvement relative to the absolute reference set by the
outside environment.

*Appendix B shows how the choice between alternative policies is independent of outside environmental

changes, The better policy remains better as the outside changes, even though the absolute desirability of the
city does change with external conditions.
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The Internal System. The top subsystem in Figure 2-4 contains three levels and
four rates representing business activity. At the upper left new-enterprise units
are created. An enterprise unit is here taken as a standard land and building
area. Principally as a function of time and aging, the new enterprise shifts to
the category of mature business. After the further passage of years mature business
ages into the category of declining industry and still later is demolished and
disappears. The flow from one category of business activity to the next depends
not only on time but on the condition of the entire urban system.

The middle subsystem in Figure 2-4, containing three levels and six rates,
represents the construction, aging, and demolition of housing. Premium housing,
associated with the managerial-professional population, is constructed on the left.
After an aging time and depending on the need for premium housing, the pre-
mium housing declines into the worker-housing category. In addition worker
housing is constructed directly without passing through the premium-housing
category. Worker housing ages and declines into the underemployed-housing
category. The rate of obsolescence from worker housing to underempioyed hous-
ing again depends on time and on the demand for worker housing, If a low-cost-
housing program exists, it creates underemployed housing directly. The under-
employed housing disappears through the sium-housing-demolition rate, which
depends on the age of the underemployed housing and on the occupancy ratio.

The lower subsystem in Figure 2-4, with three levels and twelve rates, repre-
sents the population. Three categories of people are shown--managerial-profes-
sional, labor, and underemployed. The labor is skilled labor fully participating
in the urban economy. Underemployed workers include, in addition to the
unemployed and unemployable, people in unskilled jobs, those in marginal
economic activity, and those not seeking employment who might work in a period
of intense economic activity. People can enter each category from the outside
environment and leave to the outside. Each category has an internal birth rate.
There is also an upward economic mobility from the underemployed to the labor
class and from the labor class to the managerial-professional group. In addition
there is a downward economic mobility from labor to underemployed. The flow
rates depend on the population mix, available housing, and jobs provided by
industry.

In the system a direct correspondence exists between the three housing cate-
gories and the three population categories. This defines what is meant by the
housing categories. The managerial-professional group live only in premium
housing; the labor group, in worker housing; and the underemployed, in underem-
ployed housing. This relates the housing to its cost and to the economic classifica-
tions of the population.

However, there is no direct correspondence between the business units and
the population. Each category of business empioys each population category. A
new-enterprise unit of business employs more people than a mature-business unit;
the latter employs more than a declining-industry vnit. Furthermore, the person-
nel mix changes with a higher ratio of managers to skilled labor in the new-enter-
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prise category and with the managers proportionately declining as the new-enter-
prise unit ages into mature business and further decays into the declining-industry
category. The table below defines a productive unit in terms of the employment
mix under normal economic circumstances.* For example, 2 new-enterprise unit
under normal conditions is defined as employing 4 managers, 20 labor men, and
10 underemployed workers. The important characteristics assumed for a business
unit are the declining employment and the shifting personnel mix as the business

unit ages.

Managerial-

Professional Labor Underemployed
New Enterprise NEM =4 NEL = 20 10
Mature Business MBM =2 MBL =15 1.5
Declining Industry DIM = 1 DIL = 10 5

A corresponding shift in population density defines the principal distinction
between categories of housing units as a unit ages and passes through the three
categories of housing, as shown in the table below:

Premium-Housing Population Density (PHPD) = 3 persons/housing unit
Worker-Housing Population Density {WHPD) = 6 persons/housing unit
Underemployed-Housing Population Density (UHPD) = 12 persons/housing unit

These housing densities represent the normal if housing and population are in
economic balance. The actual densities of people per housing unit may run higher
or lower depending on the population and available housing,

Figure 2-4 shows the principal system levels and the related rates of flow, but
it does not show the connections from the system levels to the rates. Each rate
of flow is determined at any given moment by the values of several system levels.
The network of connections from the level variables to the rates would be too
complex and confusing to superimpose in its entirety on Figure 2-4, but in the
next section one information network, that connecting the system levels to the
underemployed-artival rate, will be examined as a typical illustration of how all
system rates are related to Jevels. (The detailed development of the computer
model representing the dynamics of an urban area is given in Appendix A.)

2.3 Example of a Flow Rate
Connections between system levels and one rate are shown in Figure 2-3. Here

the nine principal system levels, carried over from the preceding figure, appear
in the background. The dash lines carry the system levels through various inter-
mediate concepts shown in the circles to generate the attractiveness-for-migration

“As will be seen later, the jobs open to the underemployed depend on the ratio of skilled labor to labor
jobs. ¥f labor is in short supply, the underemployed fili 2 proportionately larger fraction of the jobs. I labor
is in oversupply, labor tends to fifl the jobs that would otherwise be available to the underemployed. In the
table zbove the letter groups are the symbols used in the model equations in Appendixes A, C, D, and E.

(Letter groups are the symbols in

ployed-arival rate UA.

, a3 in Appendix A.)

ystem levels determine the underem,

the equations and numbers identify the system equations

Figure 25 A typical set of influences controlling a flow rate. Shows how the 5
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EXPENDITURE
MULTIPLIER
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JOB
MULTIPLIER
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Situation Evaluated
by Multiplier

How readily are the
underemployed moviag
into the skilled-labor
class?

Are there underemployed-
housing vacancies in the
city?

How much tax money
is being spent per capita
in the city?

How many jobs are
available for under-
employed peopie?

Is there a construction
program  for low-cost
housing in operation?

Response to Evaluation

The larger the percent-
age that moves from the
underemployed to the
labor class per year, the
more attractive is the
city to outsiders.

The more underem-
ployed-housing  vacancies
in the city, the greater the
attractiveness of the city.

The more spent per
capita, the greater is the
public service offered by
the city and the greater
its attractiveness to oui-
siders.

The more jobs available,
the more attractive is
the city to outsiders.

The more houses con-
structed per year in the
program, the greater the
attractiveness of the city.

Figure 26 Influences on underemployed-arrival rate.
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UHM attracts underemployed to the area. Public expenditure PEM for schools,
services, and welfare makes the area attractive. The measure of available jobs
UJM js a strong influence on atiracting those looking for economic opportunity.
And a low-cost-housing program as manifested in UHPM is favorable to the
underemployed and produces attractiveness beyond and in addition to housing
availability.

Although a full discussion of the model equations will be left until Appendix
A, details of the first several equations will be discussed here as examples of how
the model represents urban interactions.

Figure 2-7 shows the detailed relationships between some of the concepts that
appeared in Figure 2-5. It also illustrates how the influences that were outlined
in Figure 2-6 are combined to generate the flow of underemployed arrivals into
the area.

In this model all rates of flow are stated in terms of a “normal” set of conditions.
This normal rate of flow is then modified by a multiplier that represents the
deviation of the actual urban-area conditions from the normal.

As given in the following equation, the normal value of the underemployed-
arrival rate is expressed as a fraction of the population already in the area. Here
the population is taken as the sum of the underemployed plus the labor groups.
The multiplier UAN with a value of .05 states the concept that under normal
conditions the underemployed-inflow rate will be 5% per year of the under-
employed plus labor populations.

UA X E=CUKHL KD CUANDY CAMMP.K) 1,R
UAN=, 05 1.1,C
W - UNDEREMPLBYED ARRI VALS  (MEN/YEAR)
u ~ UNDEREMPLBYED (MEN
L - LABBR (MEN)
UAN -~ UNDEREMPLAYED ARRIVALS NORMAL (FRACTIEN/
YEAR)

AMMP = ATTRACTIVENESS=FBR-MIGRATION MULTIPLIER
PERCEI VED (DI MENSIBNLESS)

The last term in Equation 1 is the attractiveness multiplier as perceived AMMP.
The perceived multiplier is a delayed value of the actual multiplier. The actual
multiplier AMM is the true present state of the system. The attractiveness multi-
plier as perceived modifies what would otherwise be the normal migration into
the area. When the attractiveness of the area is normal, the multiplier has a value
of 1; its actual value can range from zero to several,

The following equation introduces the perception-time lag between the true
present attractiveness-for-migration multiplier AMM and the perceived value
AMMP (this is a first-order exponential delay*):

*See Reference I, Chapter 9.
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AMMP K ANMP, J+-COT/AMMPTY CAMM .J ~AMMP, S 2,0
ANMP= 1 2.1 ,N
AMMPT=20 2.2,C

AMMP - ATTRACTIVENESS~FOR-MIGRATION MULTIPLIER
PERCEIVED (DIMENSIBNLESS)

AMMPT = ATTRACTIVENESS-FOR-MIGRATION-MULTI PLIER
PERCEPTIBN TIME (YEARS)

AMM = ATTRACTIVENESS~F@R-MI GRATI@N MULTIPLEER
C DI MENS IBNLESS)

In the preceding equation the perception delay has been taken as 20 years.
This means that a 20-year time lag occurs between the true condition of the area
and the perception of that condition by remote members of the underemployed
population. This is about one generation and seems to be approximately the time
required fo become aware of changing conditions in our social institutions. Of
course this time delay is a function of communications and would have been
longer a hundred years ago than it is today with television and with more rapid
transportation. However, the perception-time delays are not very important in
this study because they do not have any influence on the equilibrium conditions
but only influence the duration of transients as the area changes from one stage
to another. Because the numerous other time constants in the systemn are equal
or longet in duration, the perception-time delays will have only secondary in-
fluence even on the transient changes.

All the processes within the urban area are conceived here as having certain
normal vatues associated with the size of the area. These norms are then modu-
lated over a wide range by the internal condition of the area. The equation below
describes this modulating variable for the underemployed arrivals. The attrac-
tiveness-for-migration multiplier AMM is the input to the perception delay in
Equation 2 which after the delay directly affects the underemployed-arrival rate

through term AMMP in Equation 1. The following equation combines six ferms
into a product that represents the attractiveness of the area to the underemployed
population. The terms combined are those that were summarized in Figure 2-6.
They are the underemployed-mobility multiplier, the underemployed/housing
muttiplier, the public-expenditure muitiplier, the underemployed/job multiplier,
and the underemployed-housing-program multiplier. In addition a term AMF
called the attractiveness-for-migration factor has been added. This factor does
not represent any actual urban process but is a coefficient that can be changed

as a part of model experimentation to test the seasitivity of the system to modifica-

tions in the attractiveness-for-migration muftiplier AMM.

In Equation 3 the components of attractiveness are combined by multiplication
rather than by addition. Multiplication produces two intended effects. First, the
changes in the multipliers are mutually enhancing. Were all multipliers to increase
slightly, the effect would be greater than the sum of the separate influences.
Second, it is possible to have one multiplier sufficiently powerful when it becomes
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AMMLK = CUAMMGKD CUBMGKY CPEMLKD CHUMLKY CUHPMLK) (AME) 3,A
ANF=1 3a1,C

AMM = ATTRACTIVENESS-FER-MIGRATIBN MULTIPLIER
CDIMENSTBNLESS)

UAMM - UNDEREMPLBY ED-ARRI VALS~MBBILITY MULTIPLIER
CDFMENSTBNLESS)

tHM = UNDEREMPLEYEDMHGUSING MULTIPLIER
(DIMENSTBNLESS)

PEM - PUBLIC-EXPENDI TURE MULTIPLIER
(D MENSIONLESS)

)M~ CNDEREMPLAYED/JPB MATIPLIER
CDIMENS EBNLESS)

IHPM =~ INDEREWPLAYED~HOUSING-PROGRAM MULTIPLEER

¢ DI MENS HBNLES S
AMF -~ ATTRACTI VENESS-FRR-MIGRATION FACTER

(DIMENSIBNLESS)

0 to domnate the entire group. Such domination is particularly important if one
multiplier could become strong enough to shut off the inflow of people. For
example, a great enough excess of people over avaitable housing or jobs might
suppress inward migration. If any one of the multipliers becomes 0, the entire
product in Equation 3 becomes 0.

Each of the five multiplier inputs to Equation 3 is represented in the model
by a nonlinear table function that permits any choice of interdependence between
two variables. Equation 4 illustrates how these table functions are introduced.
The underemployed-arrivals-mobility multiplier UAMM is stated in terms of
underemployed mobility UM. Underemployed mobility UM is generated else-
where in the system. It gives the fraction per year of the vnderemployed that
move into the labor category. Equation 4 describes a table function that is

illustrated in Figure 2-8.

UAMMK =TABLEC URMMT, UMJK 40,4 4 15, 4025 ByA
UAMMT=.3/. T71/1.2/1.371.8/1.5 81, T

UAMM - UNDEREMPLOYED-ARRI VALS-MABILITY MULTIPLIER

(01 MENSIBNLESS)
HAMMT - UNDEREMPLEYED-ARRI VALS=-MBBILI TY-MULTIPLIER

TABLE
L) ~ UNDEREMPLOYED ¥BBILITY C(FRACTIBN/YEAR)

Equation 4 is not the normal algebraic equation. The word “TABLE,” because
it appears without either parentheses or the multiply sign “4.,” is recognized as
4n operating function. Here the function is a table look-up in a table known as
UAMMT, the input of which is the variable UM. The range of UM is from 0 to
.15 in steps of .025. Equation 4.1 gives the table itself with the values of the equally
spaced points (as shown in Figure 2-8). The table-function operation enters with
the value of UM, does linear interpolation, and determines UAMM.
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Figure 28 [nfiuence of underemployed upward economic mobility on underemployed-arrival rate.

Figure 2-8 shows that 2 normal upward mobility of 5% per year from the
unde‘remployed into the labor category is taken as the value that will give a
multiplier value of I for UAMM. Should there be no escape from the under-
employed group, as represented by a 0 vatue of UM, the mobility multiplier would
falt oply to .3. In other words, the complete absence of upward mobility would
not give the city a sufficiently unfavorable image to prevent inward migration.
At the right-hand extreme of Figure 2-8 upward mobility would cause a rise in
the qnderemployed—arrival rate but with a decreasing slope, indicating the belief
that increasing mobility above normal is less influential in increasing artivals than
is decreasing mobility influential in suppressing the rate (an argument could easily
be made in favor of curvature in the upward direction).

Figure 2-9 shows the relation in the urban model between housing and under-
employed migration into the area. The underemployed/housing ratio is the ratio
of the underemployed population to the population that could normally occupy
the underemployed-housing units. As the ratio decreases, there are fewer people
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Figure 229 Influence of underemployed-housing availability on underempioyed-arrival rate.
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in relation to available housing. As the ratio increases, it indicates a higher degree
of crowding. An underemployed/housing ratio of 1 produces the neutral multi-
plier value of 1. When there are fewer people in relation to available housing,
the ratio is Jower and the multiplier rises, indicating that available housing makes
the area more attractive. The figure shows a fairly steep dependence of attractive-
ness on housing in the normal region. However, for low values of the ratio as
excess housing becomes available, more housing produces little additional effect
as shown by the flattening of the curve. At the right-hand extreme, where conges-
tion rises to twice normal for this economic category of petson, the unavailability
of housing becomes a strong depressant on inward mobility. The shape and
positioning of such a curve suggests statements about the society being described.
Furthermore, the definition of underemployed housing will vary greatly depend-
ing on the country and its economic circumstances. South America and India
would have a curve of similar shape but perhaps of quite different numerical
values and slopes to describe the influence of housing on migration toward a
city. Some persons allege that there is little interdependence between under-
employed migration and housing. However, as we will see in later chapters, an
old city normally tends to have an excess of underemployed housing and a
deficiency of jobs. Even though there is a strong housing relationship at some
parts of the curve shown in Figure 2-9, jts effect may be obscured if the city
system operates near the upper horizontal section of the curve where housing
exerts little influence. However, for studies of new urban-management policies,
one must establish a hypothesis about the entire shape of such a curve because
new policies may well entail internal readjustments and a system that operates
in portions of the interdependency relationships that have not historically been
experienced. Figure 2-9 says that a maximum availability of underemployed
housing can raise the inward-migration rate by a factor of 2.5. When the
overcrowding is 2 times normal crowding, the inward migration is driven down
to .05 of normal.

The per capita tax expenditure* in the area is taken as one measure of attrac-
tiveness. Figure 2-10 shows the relationship in the model. The tax per capita ratio
is the ratio of taxes per capita in the area to the tax per capita in the outside
environment from which people come. A ratio of 1 produces a maultiplier of 1,
indicating that if the tax per capita in the area is the same as in the outside
environment there is no incentive from this source to move into the area. The
expenditure of taxes is here used as an indication of public services, schools,
welfare, and other public-supported activities. The curve states that inward migra-
tion would fall to .2 of the value it would otherwise have if expenditures declined
to zero. At the other extreme an expenditure rate of 3 times normal would make
the city 4 times as attractive as the outside environment. One could argue that
the curves should drop more sieeply and reach zero before the tax per capita

*Tax tevenue and public expenditure are here taken as equal except for certain simulation runs where a
subsidy from the outside is given 1o the city.
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Figure 2-10 Influence of tax expenditures per capita on underemployed-arrival rate.

ratio reaches zero, but as we will see later such small variations in the functional
reiatiqnships will make negligible difference in the results.

An important factor in determining migration into an urban area appears to
pe availability of economic opportunity as indicated by jobs. Assertions by people
in the underemployed category support this view, as do social scientists. The
model results in later chapters suggest that unfavorable conditions in the job
m.ulupher have usually carried the major burden of limiting migration into cities.
Fig. 2-11 shows the relation used here between available jobs and inward migra-
tion. The underemployed/job ratio UR is the ratio of underemployed to available
jobs. The underemployed/job multiplier UIM gives the influence on migration.
For a man/job ratio of 1, the multiplier is taken as neutral with a value of 1.
As more jobs become available, the UR ratio falls and the multiplier rises but
eventl.xaliy levels off in the left-hand section when jobs are in excess and still
more jobs would have no effect on the attractiveness of the area. In the right-hand
section of the curve, inward migration falls off to a very low value as the excess
of men increases. In examining such a curve one must remember that in the
real-life situation there is a great deal of flexibility in defining what constitutes
a job as well as what constitutes an underemployed person. The long sloping
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Figore 212 Influence of underemployed-housiag program on underemployed-arrival rate.

section from a UR ratio of .5 to 1.5 indicates a region in which marginal workers
and marginal jobs appear in response to ccor}omic pressuzes. One would not
expect such a curve to show extreme steepness il the region of U'R = I because
of the broad distribution in desire to work and the broad_dwtrlbuuon in how
insistently employers will attempt to fill ;.mter%tial job openings. -
The remaining influence on inward migration of the underemployed in t 13
model is generated by a low-cost-housing program. Figure 2- 1.2 shows the assume
effect. The normal condition is taken as no low-cost-housing construction. As
housing rises to a rate of 5% per year of the underemployed Populaﬂon, the attrac-
tiveness of the city is assumed to tise by a factor of 3. The influence of 2 housing
program is in addition to the availability of housing as given in Figure 2'-‘{. "lh; r:-
lationship in Figure 2-12 results from the demonstrated interest and activity o ;1 e:
city in behalf of the underemployed as well as the higher quality of housing tha
ults, ) o )
re’S:I‘his section has discussed, as a typical example, the relationships mﬂ.uencn.ng
the underemployed-arrival rate into the cit}!. The preceding graphic relatlonsh'ips
showing influences on underemployed arrivals are all part of the rfite equagon
for UA. The auxiliary equations (indicated by an A after the equation num er)
are subdivisions of the rate equation they affect. As such, their presence Is com-
patible with the staternent made in Section 2.1 that a model consists of only rate

equations and level equations.

2.4 Example of a Level _ .
The levcll) variables describe the state of a system. A level is the accumulation

tesulting from the flows in and out of the level. Mathema;icallly the levels are
integrations. Figure 2-4 illustrates by rectangles the nine principal syster levels
vsed here to represent a city. . o

The following equation for the underemployed workers in the city 1s a level

equation:
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UeK =Us JHODTY C UA & JKH UB oKL TUW JK=UDs JK=U TL.JKD 16,8
U=1200 1641,N

U = UNDEREMPLAYED (MEN

A -~ UNCEREMPLAYED ARRIVALS (MEN/YEAR)

B ~ UNDEREMPLAYED BIRTHS (MEN/YEAR)

LTU - LABOR ¥ UNDEREMPLEYED (MEN/YEAR)

51 ~ INDEREMPLOYED DEPARTURES (MEN/YLAR)

UTL - INDEREMPLOYED T8 LABAR (MEN/YEAR)

The level equation above is a simple bookkeeping statement that says the
underemployed at the present time K is equal to the underemployed at the
previous time of computation J plus the change that occurred in the interval DT
between successive computations. During the interval from time J to time K the
underemployed-arrival rate is given as UA, the underemployed birth rate as UB,
the labor-to-underemployed flow as LTU, the underemployed departures as UD,
and the underemployed-to-labor flow as UTL. These are the five flow rates
affecting the ievel of underemployed. An initial value must be given to each level
equation; here 1,200 underemployed is given as the initial condition of the area.

All fevel equations are of the same form. A new value is computed by taking
the old value and adding the change during the preceding time interval. This
is the process of integration or accumulation. It is the process by which systems
change through time.

2.5 Summary of Flow Rates

This section identifies the major influences affecting each rate of fiow. Such
a summary of the system structure should be sufficient background for reading
the remaining chapters. (The exact details of the structure and relationships used
to represent an urban area are given in Appendix A.) :

Figure 2-4 showed the 22 flow rates that affect the 9 principal system levels.
One of these flow rates, the underemployed arrivals UA, has been discussed in
detail in Section 2.3. The other 21 flow rates and the factors affecting them are
summarized here.

The underemployed U in the area are increased by the underemployed arrivals
UA, the underemployed birth rate UB, and the labor-to-underemployed down-
ward mobility LTU. The underemployed are reduced by the underemployed-to-
labor upward mobility UTL and the underemployed departures UD. All of these
rates are illustrated in Figure 2-4.

Underemployed Birth Rate UB. This is the net difference of births minus deaths
and is taken as .015 of the underemployed population per year.

Labor to Underemployed LTU. The downward mobility or economic dropout from
labor to underemployed in the model depends on the ratio of labor to available
Iabor jobs. A dropout rate of 3% per year exists when labor and labor jobs are
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in batance. The rate drops slowly when labor is insufficient for available jobs
and rises rapidly as labor exceeds jobs.

Underemployed to Labor UTL. This is the upward economic mobility representing
the flow of the underemployed into the labor category. When conditions are
normal, it is 10% per year. However, it is modified by a number of influences.
It depends on the fraction of underemployed working, rising as the fraction
increases. It depends on the ratio of labor to labor jobs; a shortage of labor makes
the upward mobility larger, while an excess of labor makes it smaller. Upward
mobility also depends on the ratio of the labor population to the underemployed
population, with the upward mobility being greater when the underemployed are
small in number compared to the labor group. This means that a small number
of underemployed mixed with and having good access to a more successful
economic group can make the transition more easily than a large number of
underemployed in an area where there is little opportunity for contact with those
they might emulate. Upward mobility also depends on the tax per capita ratio,
which suggests that better schooling and social services can increase the upward
cconomic flow.

Underemployed Departures UD. The normal underemployed-departure rate is
assumed to be 2% of the underemployed population. The departure rate is affected
inversely to the arrival rate; that is conditions that increase the arrival rate reduce
the departure rate and vice versa.

The labor level L, in addition to the UTL and LTU rates already described,
is affected by the labor birth rate LB, the labor-atrival rate LA, the labor-to-
manager rate LTM, and the labor departures LD.

Labor Birth Rate LB. This is the net of birth rate minus death rate and is taken
as .01 per year of the labor population.

Labor Arrivals LA. Arrivals of skilled labor are influenced by factors similar to
those affecting arrivals of underemployed workers. Normal arrival rate is .03 per
year of the labor group. Arrival rate increases as the labor/job ratio decreases,
indicating the availability of excess jobs. The labor-arrival rate depends on the
ratio of the labor population to the underemployed population, with the labor-
arrival rate falling as the labor population decreases in comparison to 'thc unde.r—
employed population. This indicates that an unfavorable social climate will
depress the inward movement of skilled labor. Labor arrival depends on the tax
ratio, being reduced somewhat as taxes rise. Labor amival depends on the ratio
of labor population to worker housing, with a housing shortage reducing the
tendency to move into the area.

Labor Departures LD. Labor departures are given a normal value of 2% per year
with a multiplier that is inverse to the arrival muitiplier. Factors that encourage
arrival will reduce departure and vice versa.
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Labor to Manager LTM. The upward economic mobility from labor to the
managerial-professional class is taken as normaily .02 per year of the labor group
and depends on three influences. The flow LTM increases if there is a shortage
of managers for managerial jobs. The flow increases if the managerial population
is above 10% of the labor population and decreases when the manager/labor ratio
is lower. This is based on the assumption that the availability of a substantial
;nanageriai group to act as an example and to be accessible to the labor population
increases opportunities for transition into the managerial-professional class. An
increase in faxes per capita, implying better educational opportunities, increases
the flow from labor to management.

The managerial-professional population MP is increased by the labor-to-
manager flow LTM already described, the managerial-professional birth rate MPB,
and the manager arrivals MA. The managerial-professional level is decreased by
managerial departures MD. No downward mobility from the managerial class
to the labor class has been included because it is probably too small to be
significant.

Managerial-Professional Birth Rate MPB. The birth rate minus death rate is taken
as 0075 of the managerial-professional population per year.

Manager Arrivals MA4. Arrivals into the managerial-professional class follow the
same pattern as for the labor class. A shortage of managers compared to available
managerial jobs increases the arrival rate. A higher ratio of managers to total
population implies a more favorable social climate and increases the arrival-rate
multiplier. Increasing taxes depresses the arrival rate. Housing affects the man-
ager-arrival rate, encouraging arrivals when it is adequate and discouraging
arrivals as housing congestion increases.

Manager Departures MD. A manager-departure rate of 2% per year of the man-
agerial-professional population is considered normal. This is modulated by 2
multiplier that is generated as the inverse of the arrival muitiplier. Conditions
favoring managerial arrival decrease managerial departure. Conversely, an en-
vironipent discouraging arrival hastens departure,

Premium housing PH is the housing associated with the managerial-professional
population. It is increased by premium-housing construction PHC and is de-
creased by premium-housing obsolescence PHO. Premium housing declines in
value and condition to become worker housing. '

Premium-Housing Construction PHC. Normal premium-housing construction is
considered to be 3% per year of existing premium housing. This normal growth
rate is then modified by a multiplier representing a combination of six influences.
The ratio of managers to premium housing indicates whether or not there is a
housing shortage, with a greater shortage causing an increase in the premium-
housing-construction rate. All of the housing- and business-construction rates in
the model are influenced by land multipliers having shapes similar to Figure 2-13,
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Flgure 2-13 Influence of land occupancy on premium-housing construction.

When zero land is occupied, the area has not yet dev;loped economically and
the incentive for building is low. As activity in the area increases, all componelx:ts
of a city begin to develop and to enhance each other. Figure 2-13‘ asserts that
the maximum influence from land occupancy occurs when the land is about 50%
filled. As the land area approaches full occupancy, the more attractive and useful
sections have already been built up and the economic incentive for addmopal
construction declines. When the land is fully occupied, additional c-olnstruct;fn
is physically impossible. New building can take ?1ace only as demohugn ma ﬂfs
empty land available. A third influence on premmm-honsmg.construc.: on ‘xs e
ratio of the managerial-professional class to the total pgpulat:on. An increase in
the ratio implies a community attractive to the managerial group an'd encourages
premium-housing construction. The tax rate affects premmrp-housmg. con;truc-
tion, with high taxes having an adverse mﬂt_lence on construction. Prem:u;n— (t)l:ls-
ing construction is affected by two multipliers -thgt 1qd1cate the degr-ee of enthu-
siasm for new building. The enterprise muluplgcr increases premmm-hous:mg
construction if the recent history of new-enterprise construction has been high.
Similarly, the history of premium-housing construction itself produces a specula-
tive incentive, with recent construction encouraging more consiruction.

Premium-Housing Obsolescence PHO. A normal life of about 30 years for pre-
mium housing is assumed. This means that normally .03 of premium hfmfslmg pe‘;
year ages into worker housing. But this nolrmal obs‘?lesc%cn'ce rate 1s in ugm;;

by pressures for premium housing. If premium housing is in great demand, the
obsolescence rate would decline, implying a longer average life for prcrggu;n
housing, If premium housing is in excess supply, the obsolescence rate will be

reater than normal. o '
£ Worker housing WH (as shown in Figure 2-4) is increased both by premium-

housing obsolescence PHO and by worker-housing construction WHC. It is
depleted by worker-housing obsolescence WHO.

Worker-Housing Construction WHC. Worker housing is built dirf:ctly in addition
to becoming available through the obsolescence of premium housing. The worker-
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housing-construction rate depends on six factors Iepresenting the same concepts
as in premium-housing construction. These are the adequacy of housing, a land
multiplier, the ratio of labor to underemployed as a2 measure of community
desirability, the tax ratio, the recent trend in new-enterprise construction, and
the recent trend in worker-housing construction.

Worker-Housing Obsolescence WHO. The normal average life of worker housing
has been taken as 50 years, representing 2% per year transfer of worker
housing into the underemployed-housin g category. This normal obsolescence rate
is then modified upward or downward depending on the demand for worker
housing.

The underemployed housing UH is increased by worker-housing obsolescence

WHO and any low-cost-housing program LCHP. It is decreased by slum-housing
demolition SHD.

Low-Cost-Housing Program LCHP, This flow rate is not a normal city process.
It is an externally gencrated program which can be activated in the model to

observe the response of the urban system to the construction of housing directly
for the underemployed.

Slum-Housing Demolition SHD. A 50-year life has been assumed as normal in
the underemployed-housing category, implying a normal demolition rate of 2%
per year. This rate is modified to increase as the occupancy ratio of the housing
decreases. The multiplier also increases as the fraction of total land occupied
increases. This implies that if construction in the area continues once the land
reaches almost full occupancy, demolition must be taking place.

New enterprise NE is increased by new-enterprise construction NEC and
reduced by new-enterprise decline NED into mature business.

New-Enterprise Construction NEC. New enterprise is assumed to be constructed
under normal circumstances at a rate equal to separate fractions of cach of the
three business categories. This normal rate is then influenced by a multiplier that
combines five influences on new-enterprise construction, The ratio of managers
to managerial jobs influences new construction; the greater the supply of man-
agers, the greater the tendency to construct new business. The land fraction
occupied influences new-enterprise construction (as shown in Figure 2-13). The
availability of labor encourages new construction. A high tax rate reduces con-
straction. A speculative factor increases construction over the normal amount if
there has been a recent history of high construction.

New-Enterprise Decline NED. A new enterprise is assumed to have an average
life of about 12 years before becoming a mature business. The decline rate is
taken as .08 of the new enterprise each year, with a multiplier that falls as the
demand for new enterprise increases and vice versa. This implies that aging is
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less rapid in a period of high cconomic demand than in one of economic stagna-
tion.

The model assumes that mature business MB is simply the older, stabilized
condition reached in time by new enterprise. fn turn, time is the principal deter-
minant in the aging rate of mature business MBD into declining industry DL

Mature-Business Decline MBD. A normal life of 20 years is used in the model
for mature business. The decline rate of 5% per year is modified by the new-
enterprise multiplier in such a way that mature business declines more slowly
in periods of economic activity and a high demand for business.

Declining industry DI is business activity that has passed its prime. Ailing
economically, it employs fewer people per productive unit than more healthy
business units. In time declining industry disappears by demolition DID.

Declining-Industry Demolition DID. A 30-year life is assumed as normal for the
declining-industry phase of a business unit. The average age shortens in petiods
of economic demand and rises in periods of economic stagnation. As with slum-
housing demolition, the demolition rate of declining industry depends on the land
fraction occupied in such a way that the demolition rate increases as new construc-
tion forces land occupancy to nearly 100%.

Taxes influence a number of activities within the urban model. An assessed
value is ascribed to each class of business and housing, and a total assessed value
is computed. ‘“Taxes needed” are computed on the basis of population, with the
assumption that public expenditures are greater per person in the underemployed
category than in the labor category and greater in the labor category than in the
managerial-professional class. Political power is included as the ratio of labor
to underemployed. As the percentage of the population in the underemployed
category rises, fax assessments increase, because the underemployed group has
the political power as well as the need for tax expenditure, although it pays little
tax.

2.6 Parameters in the Simulation Model

Any reasonably consistent set of coefficients could be used as the basis for this
model representing urban growth and stagnation. Most of the values chosen are
not critical in determining the behavior of the system.* However, the time plots
and computed results are perhaps more easily understood in terms of the actual
figures taken in the model. The following have been used:

MAJOR PARAMETERS

Land area (AREA) = 100,000 acres
Land per house (LPH) =.] acre
Land per productive unit (LPF) = .2 acre

!

*Appendix B discusses sensitivity of parameters.
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HoUsING DENSITIES
Premium-housing population density (PHPD) = 3 persons/housing unit
Worker-housing population density _ (WHPD) = 6 persons/housing unit
Underemployed-housing population density (UHPD) = 12 persons/housing unit
FaMILy SIZES
Managerial-professional family size (MPFS) = 5 people

Labor family size (LFS) = 6 people
Underemployed family size (UFS) =8 people
PErsoNNEL NEEDED IN BusiNess UNITS

Managerial- Under-

Professional Labor employed
New Enterprise NEM = 4 NEL == 20 10
Mature Business NBM =2 MBL = 15 15
Declining Industry DIM =1 DIL =10 3

Taxes LEVIED

Premium-housing assessed value (PHAV) = §30 thousand/housing unit
Worker-housing assessed value (WHAV) = §15 thousand/housing onit

Underemployed-housing assessed value (UHAV) = § 5 thousand/housing unit
New-enterprise assessed value  (NEAV) = §500 thousand/productive unit
Matz_lrt_:-bu'smess assessed value (MBAYV) = 3300 thousand/productive unit
Declining-industry assessed value (DIAV) = $100 thousand/productive unit
Taxes Neepep

Tax per management person  (TMP) = §150/year

Tax per labor person (TLP) = 3200/year

Tax per underemployed person (TUP) = $300/year

Tax assessment normat (FAN) = $50/year/thousand doHars

At the start of a simulation computation initial values must be specified for
all level variables in the system. These state the starting conditions of the system.
The nine principal levels shown in Figure 2-4 have values given below. The system
alsc_a contains certain perceived values and average growth rates that are level
variables and have initial values specified in Appendix A. Generally, the initial
values are not important except in determining behavior in the very early part
of the simulation run. Any initial imbalance between the selected initial values
is worked out within the system as new values are computed for the level varia-
bles. For most systems the ultimate equilibrium values are independent of the
starting point.

New enterprise (NE) 200 productive units
Mature business (MB) 1,000 productive units
Declining industry [13;4] 100 productive units
Premium housing (PH) 5,000 housing units
Worker housing (WH) = 21,000 housing units

Underemployed housing (UH) 1,100 housing vnits

I T I T I VO 1 R A

Managerial-Professional (MP) 3,900 men
Labor L) 14,000 men
Underemployed {Uy 1,200 men



3 Growth and Stagnation

This chapter discusses the dynamics of the urban life cycle as created by the
simulation model outlined in Chapter 2. Chapters 4 and 5 will start with an urban
area already in the stagnant condition and explore the effects of various changes
in urban-management policies. But here, first, the broad sweep of urban growth
and maturity are investigated to show how an area begins to decline.

The stages of an urban life cycle within a period of 250 years occur staiting
with empty land, growing to full land occupancy, maturing through a rapid
realignment of internal urban balance, and emerging into an equilibrium charac-
terized by stagnation with its unemployment, faltering industry, and increased
taxes.

The serious reader who wishes to understand Chapters 3, 4, and 5 thoroughly
should read them twice—first in the order in which they appear and again after
reading Appendix A, which contains the full details of the model representing
the urban area.

The warning given earlier should be repeated here. The results in these three
chapters depend in various ways on the concepts of urban interaction that are
built into the simulation model. It is possible that substantial changes in structure
might affect the conclusions implied by these computed results. Before accepting
the implications as a basis for action, the reader should satisfy himself that the
structure adequately represents the urban system and the particular problems with
which he is dealing. However (as shown in Appendix B), the system is not highly
sensitive to the values chosen for system parameters. Changes as great as factors
of 2, 3, or 5 can be made in many of the parameters with only slight effect on
the equilibrium conditions of the urban system. Even where the parameters do
affect the equilibrinm condition of the system, changes in those parameters usually
do not affect the direction of policy modifications that lead to improvement.

A specific Iand area becomes a city because its physical characteristics encour-
age construction and concentration of business and housing. These £COnomic
characteristics causing an urban area to develop are represented in the simulation
model by the “normal” coefficients in the flow rates, by the psychological and
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mobility multipliers which connect the intemnai structure of the urban system,
and by the land multipliers which relate available land to construction of business
and housing.

Figure 3-1 shows the changing urban conditions during growth and aging. At
the start, when time = 0, the land area is 3% occupied and a normal balance
exists between the various activities. In the first stage of its life cycle, the area
described in this model develops for 100 years. Between 100 and 200 years there
is a period of maturing and internal readjustment. After 200 years there is continu-
ing equilibrivm.

READING THE COMPUTER PLOTS AND PRINTED VALUES

Plotted Curves

The curves (as in Figures 3-1a, b, and ¢) are computer plots showing the
behavior of the system variables as generated through time by the simulation
model. The horizontal axis is a time scale in years. At the left margin is
a line giving the plotting symbols. For example, in Figure 3-1a, U= U
means that the number of underemployed U is plotted on the graph with
the symbol U, WH = W means that worker housing WH is plotted on the
graph with the symbol W. The vertical scales at the left of the plot are
marked at the top end with the plotting symbols fo which they apply. For
example, the first scale running from 0 to 600,000 is the scale for the variables
plotted with the symbols U, L, P, W, and H. The letter T following the
numerical-scale value means thousands. Along the top of the graph the letter
groups indicate where curves overlap. For example, in Figure 3-1¢ at time
145, the letters WH, PB mean that the curves for W and H cross and the
first symbol W is the one plotted. The curves for P and B cross {oo and
are represented by the first symbol P.

Printed Tabulation

Printed values {as in Figures 3-14 and 3-le) give numerical values for the
same variables that are plotted and for selected variables not plotted. The
printed values appear in blocks. The left column indicates the time associated
with the values. The letter groupings at the head of the table give the symbol
identifications of the variables in the same grouping pattern as for the
numerical values. The fifth column gives line numbers as an aid to matching
a letter group in the heading with its numerical value in the table. The
variables to the left of the line number column are all measured in thou-
sands. The variables to the right are all measured in units,

In Appendix C is an alphabetical list of definitions with units of measure
for each of the symbol groups. In Appendix D is an alphabetical list of
variables and constants giving the equation numbers where they are defined.
The equation numbers refer to the model equations in Appendix E and the
equation descriptions in Appendix A.
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the system change, the arrival rates of people into the area are reduced and the
departure rates increased until the numbers of people stabilize.

In Figure 3-1a the growth period ends at 100 years. New enterprise and pre-
mium housing have reached a peak, and the managerial-professional population,
worker housing, and labor are nearly at a2 maximum. Figure 3-1¢ shows several
important flow rates. By year 100 the worker-housing-construction boom has
ended. The premium-housing-construction rate has declined substantially from
its peak. At year 100 the urban area is at the end of its first construction phase.
As shown in Figure 3-1b, land area has been almost fully utilized. (Remember
that the model system is dealing with a fixed land area. The area is best thought
of as a section of one of our older cities, not as the entire area within the political
boundary.)

But immediately after year 100 the area begins to age. Its land is filled. New
construction is suppressed by lack of land within the fixed and fully occupied
area, New enterprise settles into mature business and deteriorates into declining
industry. Premium housing and worker housing, which had reached a peak at
100 years, are aging, and as they decline in condition they feed the rising level
of underemployed housing, which peaks at about 130 years.

The minimum in many of the curves in Figure 3-la, occurring at about 150
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Figure 3-2  Stagnation in urban activity occurring between years 80 and 180,

years, is partly caused by the growth multipliers in the model that represent
speculative and historical influences. The rapid growth prior to year 100 caused
some overshoot in the amount of construction. The depression and despondency
occwTing between years 100 and 140 suppressed building below the normal
equilibrium values. By year 200 a stable and continuing equilibrium has been
established.

This modei contains no random influences, so equilibrium becomes a con-
tinuing set of static values. In an actual system economic cycles external to the
area, various technelogical innovations, and world events would cause a con-
tinuing state of fluctuation around these equilibrium values.

Figure 3-2 shows a section of the same urban behavior as Figure 3-1 but on
an expanded time scale for the period from year 80 to year 180. In Figure 3-24
are a succession of peaks occurring as the land area fills, growth falters, and the
city settles into equilibrium. The growth phase is terminated by the filling of the
land area, as seen in Figure 3-2b where the land fraction occupied rises from
4 in year 80 to .8 in year 100. In Figure 3-2¢ the peak in new enterprise occurs
just before year 100. Time causes a shift of new enterprise into the mature-
business category, which peaks at year 112. The aging and deterioration of mature
business causes an increase in declining industry, which peaks at year 140.

A similar succession of peaks appears in the population mix of the area but
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employed of urban attractiveness, so the inward flow continues, with a peak in
the underemployed category occurring at year 120.

Housing follows a similar pattern. Premium housing and worker housing
reach peaks at year 100. But the aging and decay of worker housing into underem-
ployed housing delays the peak in underemployed housing until year 130.

(d)
Figure 3-2 (cont.}
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The underemployed/job ratio UR in Figure 3-2b rises rapidly between vears
90 and 130. In the time interval from year 100 to year 120 the underemployed
jobs UJ have declined from 225,000 to 221,000, while the number of underem-
ployed has risen from 231,000 to 390,000. It is in this time interval that the
economic pressure on the underemployed group becomes sufficientty high to
reduce the inflow of underemployed to the city and stabilize the population.
During this interval from 100 to 120 years, Figure 3-2b shows a reversal of the
roles of housing and jobs for the underemployed. Jobs, as shown by the rising
underemployed/job ratio, are becoming less available. At the same time, housing,
as shown by the falling underemployed/housing ratio, is becorning more available.
The increase in housing is generated by the deterioration of the older parts of
the city into a housing category no longer acceptable to the managerial and labor
classes. At the same time construction of new industry has slowed or declined,
and there has been a rise in the labor/job ratio LR. As jobs for skilled labor
become less available, jobs requiring less skill are taken by more skilled labor,
leaving even fewer jobs for the underemployed. Shifting conditions within the
urban area are summarized in Figure 3-3, giving the aftractiveness-for-migration
multiplier AMM and its components at year 80 and at year 140. In the last column
the values for the year 140 are given as a fraction of the values at year 80. The
atiractiveness muitiplier AMM is the product of the four components also given
in the table. The multiplier AMM declines to about half during the time interval.
Upward economic mobility from the underemployed into the Iabor class as given
by UAMM has become somewhat less favorable. On the other hand, the underem-
ployed/housing multiplier UHM has risen by a factor of 4.7. The urban area
has shifted from a shortage to an excess of housing for the underemployed.
Because the capacity of the area is imited in absorbing the underempioyeq, some
of the multipliers must fall to low enough values to generate the low attractiveness
required to stabilize the population. The underemployed/job multiplier UIM
carries the main burden of reducing attractiveness. The value of UIM at year
140 is only .15 of its value at year 80. In other words, the underemployed flood
into the area until their falling economic circumstances act as a brake on further
inward migration.

At At
Year Year

80 140 140/80
AMM, Attractiveness-for-migration multiplier 68 36 53
Components of AMM:
UAMM, Underemployed-arrivals-mobility multiplier 1.16 88 76
UHM, Underemployed/housing multiplier 38 1.79 47
PEM, Public-expenditure multiplier 95 92 97
UM, Underemployed/job multiplier 1.65 25 15

Figure 33 Changes in multipliers that influence underemployed arrivals.
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Flgure 34 Number of units in each age category is proportional to average life,

Figure 3-3 shows the urban processes that limit inward migration and establish
a population equilibrium. During the initial growth phase the area is attractive
and can accept additional population. But if carried far enough, the influx of
people overcrowds the area, reduces the attractiveness, reduces the population
inflow, and increases the outflow until population growth stops. By this process
population rises and falls to maintain the attractiveness of the area in balance
with that of the surrounding environment.

The change in economic circumstances that occurs while prowth is giving way
to stagnation is caused by the changing proportions of people, housing, and
industry. During the growth stage new construction outruns the aging process
so that the decaying part of a city is little noticed in relation to the ever rising
new construction. But as the land area becomes filled, new construction can take
place only as the old is demolished. An equilibrium is established in which the
demolition rates and construction rates must be the same,

In the equilibrium state the proportions of old and new depend on the average
lifetime in each age category (as in Figure 3-4). Suppose houses are built at the
rate of ten units per year to enter the new category. If the average life in the
new category is 20 years, the total number of new units will, in equilibrium, be
the product of the construction rate and the average life. Similarly, if the system
is in equilibrium, the number of units per year passing from the new category
to the old category must be the same as the construction rate. Note that the
number leaving the category is the number in the category divided by the life.
If the units in the old category remain an average of 60 Years, the number of
old units will be the average life muitiplied by the flow rate, or 600 units. Because
the system is in equilibrium, the discard rate from the old category must also
be the flow rate of 10 units per year, which is 600 old units divided by 60 years.
As shown in the figure, the number of units in each category is proportional to
the average time the unit stays in the category.

In a city, if business units and housing stand in a declining condition for more
years than they serve at high economic effectiveness, the old will dominate the
landscape. Because the condition of buildings tends to determine the economic
status of the occupants, an excess of old buildings causes a high proportion of
marginal business and unskilled and unemployed people.

In Figure 3-1a the commercial activity is eventually dominated by the declin-
ing-industry category. The cause is found in the average lifetime of a business
unit in each of the three categories. In equilibrium at 250 years, the system of
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Figure 3-1a is operating with an average life of 10.5 years* in the new-enterprise
category, 17 years in the mature-business category, and 36 vears in the deckin-
ing-industry category. In equilibrium the numbers of units will be in the same
proportion. If the less effective declining category persists for a greater number
of years than was its life in the productive category, the declining units usurp
the Iand area.

In a similar way worker housing at the 250th year in Figure 3-la is showing
an average life of 37 years, while underemployed housing has an average life
of 35 years. This accounts for their nearly equal proportions in the equilibrium
condition. The numbers of units being proportional to the lifetime in each cate-
gory assumes, of course, that the same flow occurs through each category. Were
there a direct construction of underemployed housing, as in a low-cost-housing
program, this would increase the underemployed housing beyond that indicated
by average lifetime.

Figures 3-1 and 3-2 may not be of great concern to one interested in solving
the problems of an urban area that is already fully developed. The years over
which the area developed are history. Today’s problems extend from the present
into the future. In later chapters model runs dealing with changes in urban
programs will start from the equilibrium conditions finally reached in Figure 3-1.

But the dynamics of the entire life cycle in this chapter are important in
clarifying the process of urban stagnation. Furthermore, the life cycle behavior
permits one of the many tests of model validity we can use to establish confidence
in the model. If the model operates satisfactorily, beginning with a nearly empty
land area, growing, and stabilizing in a sequence of events characteristic of a
real-life area, it has passed one of many available tests.

*Equation 111 in Appendix A gives the transfer rate from the new-enterprise catégory into mature business,
The fraction per year transferred is NEDN, having a value of £8, multiplied by the enterprise-decline multiplier
EDM. The value of the latter is given in Figure 3-le as 1.19. The product of these two is .095, which is the
reciprocal of the average life, giving a life of 10.5 years. Likewise, MBDN multiplied by BDM as in Equation
114 indicates a 17-year life for mature-business units. The reciprocal of DIDN times DIDM as in Equation
117 yields a 36-yesr life in the declining-industry category.

4 Failures in Urban Programs

The preceding chapter has shown the normal processes of aging that change
the proportions of housing, industry, and people toward an economically un-
healthy combination. The consequences appear as slum areas, high tax rates, flight
of industry to the suburbs, and mounting welfare rolls.

During the past three decades many different urban-management programs
have been inaugurated in an effort to ameliorate these conditions. Creation of
jobs, job training, financial aid to the cities, and low-cost-housing construction
all have been undertaken in an effort to improve the situation of the under-
employed. Most of these programs appear to have failed; in fact, conditions in
the cities seem to have worsened. As conditions became more critical, greater
eraphasis was placed on corrective action, but even so the situation continued
to deteriorate. Is it possible that these programs are neutral in effect or even
detrimentai?

The model of urban behavior has been equipped to simulate various classical
urban-management programs (see Equations 140 through 150 in Appendix A).
With these 2 job program for the underemployed can be introduced, under-
employed training can be provided, tax expenditures for welfare and education
can be subsidized, and a low-cost-housing program can generate housing directly
for the underemployed category of the population.

To explore these urban-management programs, the computer runs will start
from the equilibrium conditions existing at the end of Figure 3-1. The conditions
at year 250 in that figure are the ones used for the time interval from —5 to
0 years in the following simulation runs.* The new management programs are
introduced at time = 0 and their effects over the following 50 years are plotted.

4.1 Job Program
Figure 4-1 shows the effect of introducing at time = 0 an underemployed-job
program. At time = 0, jobs for 10% of the total underemployed population are

*The initial conditions for the simulation runs that start in equilibrium are given in Appendix A, Section
A 14
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Figure 41 Jobs created for 10% of the underemployed.

suddenly created. This is done, not by changing the commercial and industrial
conditions in the area, but by some artificial process such as transporting people
to jobs elsewhere or creating public-service types of work. In the model jobs
created by the underemployed-job program UJP are added directly to the under-
employed jobs UJ that otherwise exist within the system (see Equation 136 in
Appendix A). The effect is to decrease the underemployed/job ratio UR and to
increase the underemployed/job multiplier UIM (Equation 10), which is one of
the attractiveness multipliers influencing underemployed migration into the city.

At first glance Figure 4-1 shows little change resuiting from the under-
employed-job program, but more careful examination discloses several unfavora-
ble changes in the composition of the urban area. In Figure 4-1a the total number
of underemployed has increased. Underempioyed housing has increased while
worker housing has decreased. In Figure 4-1b the sudden improvement (decrease)
in the underemployed/job ratio resulting at time = 0 from newly available jobs is
largely dissipated over the next 20 years, even though the job program for 10%
of the underemployed is continued throughout the entire 50-year period. The
underemployed /housing ratio and the labor/housing ratio both become slightly
higher, indicating more crowding. Figure 4-Ic shows an increase over the first
10 years in the underemployed-arrival rate and a decrease in the underempioyed-
departure rate. The excess of arrivals over departures persists until conditions
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Figure 4-1 {cont.}
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in the arca become sufficiently more unfavorable to counterbalance the attrac-
tiveness of the underemployed-job program.
Figure 4—? summarizes the principal changes. The underemployed have risen
~ 10%. Jobs, including those created by the job program, have risen 17%. The
underemployed/job ratio has improved by declining 5.5%. Even so, the excess
of underemployed beyond the underemployed jobs (U — UJ) has increased 2%
Undererr}ployed housing has increased while worker housing has decreased. The
number in the Jabor category has decreased and the ratio of labor to underem-
ployed has fallen by 12%. Both underemployed housing and labor housing are
more crowded. The taxes needed have risen 14% because of the increase in
underemploxed workers and the decrease in taxable property, as reflected in the
% (?ef:rea§e m new enterprise and the 3% decrease in mature business. Although
declining industry and underemployed housing have increased somewhat, they
do not represent much contribution to tax revenue. ,
Although ll}e changes created are relatively small, they are nearly all in an
unfavorable direction. They occur primarily because the slightly improved under-
employed/job ratio UR has attracted more underemployed people. This has put
more pressure on underemployed housing and has reduced the slam-housing-

Time (years)

Variable Symbol ~5 50 Change (%)
a.  Underemployed-job program urp 0 4
i 1,700 —
b. gng;remploycd jobs uJ 208,400 243,800 +17.
g U:I TP 168,900 173,000 +2.
. - B 208,400 202,100 -3
e. Underemployed mobility UM 045 044 -2,
f L/U 1.04 92 ~12.
1. New enterprise NE
2. Mature business MB g,ggg ‘;’égg :g
3. Declining industry DI 16,500 16700 +1
4. Preminm housing PH 110,900 106,900 —4.
5. Worker housing WH 335600 323,300 4,
6. Underemployed housing UH 310,100 325,600 -;-5.
7. Managerial-professional MP 71,100 68:800 -3
8. Labor L 392,600 384,400 -2
9, Uncieremploye;i U 377,300 416,800 +10,
10. Manager/housing ratio MHR 1.o7 1.07 0
1. Labor/housing ratio LHR 1.i7 1.19 +2
12. Underemployed/housing ratio UHR 81 &3 +5.
13. Manager/job ratio MR 1.38 138 (}‘
14. Labor/job ratio LR 97 98 +1
15. Underemployed/job ratio UR 1.81 171 —6.
16. Tax ratio needed TRN 225 2.57 +14,
17. Underemployed to labor net UTLN 5,500 6,830 +24,

Figure 42 Changes caused by an underemployed-job program (UFPC = .1).
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Figure 43 An underemployed-training program that moves 5% of the underemployed per year into the
labor category.

abandoned multiplier SHAM, thereby increasing the average life of under-
employed housing. A larger number of underemployed increase the tax require-
ments, which slightly discourages the construction of new enterprise.

4.2 Training Program

Another possible remedy for urban decay is a training program to upgrade
the skills of the underemployed. Figure 4-3 shows the effect of an underem-
ployed-training program that transforms 5% per year of the underemployed into
the labor category. This transformation is done in the model system by an outside
influence that simply takes people from the underemployed category and puts
them into the labor category. The feasibility and mechanics of doing this are not
part of the model. Nor are the costs of doing so levied against the tax system
in the model. Conditions are therefore taken as highly idealized: the educational
process works, and it costs nothing. Even under these favorable circumstances
the improvement is far from dramatic. Figure 4-3a shows that the number of
underemployed declines for ten years and then rises again to about its original
value. Men in the labor category increase. Housing remains nearly constant, and
there are some increases in new enterprise and mature business,
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Figure 4-3b shows an underemployed/job ratio that improves slightly for the
first three years and then returns to about the same ratio of underemployed to
availabie jobs. The labor/job ratio increases, indicating a greater excess of labor

- over available jobs than at the beginning,

Figure 4-3c shows the major consequence of the training program. As people
move from the underemployed group into the labor group, the population,
housing, and job pressures in the underemployed sector tend to be reduced. This,
along with the greater upward economic mobility represented by the training
program, makes the area more attractive and the underemployed-arrival rate has
increased. Conversely, the underemployed-departure rate has decreased, with a
substantially larger net inward flow resuliing. The underemployed-to-labor upward
mobility rate is much increased by the training program. But, because an excess
labor group is being created by the training program and jobs for them have
not been influenced except by the secondary reactions of the system, the outflow
from the labor category must increase. Because of higher labor unemployment,
the dropout rate of labor to underemployed has increased, partly compensating
for the training program. In addition there has been a substantial increase in
the outflow of labor from the area, which is not shown it Figure 4-3¢ but which
is indicated in the tabulation of Figure 4-4.

In the tabuiation of changes occurring because of the underemployed-training
program (created by UTR = .05 in Equation 140.1 of Appendix A), we see that
the upward mobility UTL has increased by 110%. But at the same time the
counterfiow LTU has increased 63%. Underemployed arrivals have risen 43%
while underemployed departures have fallen 20%. The total number of under-
employed has risen slightly, by 1%, while at the same time underemployed housing
has fallen by a like amount. Worker housing has risen 8% while the labor living
in that housing has risen 23%. Because of the excess fabor in the area, the
labor-arrival rate has fallen 15% and the labor-departure rate has risen 81%.

The training program has created a flow through the area with a much increased
underemployed-arrival rate and a much increased labor-departure rate. People
come to the area because of the training program and leave when they find there
is no use for the skills they have acquired. As a service to society, the program
might be considered successful. But as a service to the city, its value is far less
clear. The area is more crowded, the land fraction occupied has risen slightly,
housing conditions are more crowded, the total of underemployed has risen very
slightly, and the ratio of labor to jobs is higher, indicating a higher degree
of unemployment.

Figure 4-5 gives an over-all view of the population levels and flow rates result-
ing from the training program. The upper figure in each pair is for the original
condition of the area and the lower figure is after the new equilibrium has been
established with the 5% per year underemployed-training program. A change in
one part of the system causes a realignment and rebalancing throughout the
system. After the rebalancing the normal flow rates and levels have all changed,
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Time (years) MP ‘ L LTy 1.3y
Variable Symbol -5 50 Change (%) ronsgerial | LTM 36 Labor 4] Uunderomployed | UA 123
-training program UTP ¢ 19,100 — 7L 168 377.3 247
b 8§§§§Z$§§§§§§ o labe T UTL 16800 35300 +110. | 3.8 2 3820
¢. Labor to underemployed LTU 11,300 18,400 +63. UD "%:’;5

d. Underemployed arrivals UA 17300 24,700 +43. 2 Nursbers i thousande
e. Underemployed departures uD 17,300 13,900 —20. A
f. Labor arrivals LA 7,400 6,300 ﬂé?

g Labor departures LD 13,1232 23,19-(2)2 ill: Figure 4-5 Flows and levels of men before and after starting a 5% per year {raining program o move under-
h. L/U : employed to labor.

i - NE 4,900 5,800 + 18,

2 Matuse bustnss MB 7,800 9700 +24. ‘

3. Peclining industry Di 16,500 16,700 +1 upward by internal processes has decreased by 7,800 per year. This failure to

4. Premivm housing PH 110900 119,200 "';' achieve the full effect of the training program illustrates a general characteristic

5. Worker housing ‘gﬁ g?g?% ggé’ggg tl of complex systems. An action program changes the system balance, causing the

g. ﬁﬁiﬁ?ﬁfgﬁfiﬁﬂf MP 71,100 31,800 +15. system to relax its internal pressures. As the outside effort picks up the burden,

8. Labor L 392,600 482,400 +23. more and more is left to the ontside effort.

9. Underemployed U 377300 382,000 +1. The numerical values from these computer runs, of course, do not indicate
10. Manager/housing ratio MHR 1.07 114 "'11 exactly what would happen in any particutar city. They do, however, indicate
11. Labor/housing ratio . LHR lé”{ lgg ++ 5 the ways in which a complex, interconnected social systern can react. If we have
12. Underemployed/housing ratio U&g 38 133 0 reasonable confidence in the relationships assumed in the model, we can expect
ii ﬁa}t::;g/;};{)}(;gt;:tlo LR o7 1.06 19 that the moc'iel will indicalttz? the direction of reactions that would occur in response
15. Underemployed/job ratio UR 1.81 178 -2 to changes in urban policies.

16. Tax ratio needed TRN 2.25 2.06 —~8
17. Underemployed to labor net UTLN 5,500 16,800 +205. 4.3 Financial Aid
Flgure 44 Changes caused by a training P‘OB({L"??R“‘_‘“ 5'51)‘“'“ 5% per year from undercmployed to tabor A third type of program often proposed for alleviating the difficulties of the

and the consequences may be far different from those expected when the original
change was introduced. o

The principal advantages accruing from _the training program are the net
increase in upward mobility UTLN, the social-service function created by the
outflow of labor, and the increase in new enterprise and c;naturelbus:iness. The
underemploved-training program is converting 19,100 underemployed per year
t: labor, pas ZL consequegnge ogfrwhich the inc‘:rf?ase in UTLN is only 11,300. The
discrepancy between the output of the training program and the net upward
increase in flow from underemployed to labor is accounted for by'the increased
dropout rate LTU from Iabor to underemployed and a reduction in the normat
upward mobility that would have occurred in the absence of a training program.
Conditions have become somewhat more unfavorable for n?rmal escape from
the underemployed group and the natural processes have declined as the training

ram picks up the task. ‘

pr?fghe traI;ning p};ogram is moving 19,100 people per year, but the net increase
in upward mobility is 11,300. The number of people that would normally move

city would bring financial aid to the city from state or national government. The
effect of an external tax subsidy on the model area is shown in Figure 4-6. In
the model system the tax subsidy* has three direct effects. It increases the tax
per capita ratio TPCR which, implying additional welfare and public services,
increases the public-expenditure multiplier PEM, which is one of the coefficients
influencing the inward and outward migration of the underemployed. The tax
per capita ratio also influences the underemployed educational multiplier UEM
and the labor educational multiplier LEM to increase the upward economic
mobility from underemployed to labor and from labor to the managerial-profes-
sional category. The money for the tax subsidy is assumed to come from outside
the city, to be in addition to previous expenditures, and not to affect directly
the local tax assessments.

In Figure 4-6a the only significant changes resulting from the tax subsidy are
slight increases in underemployed people and underemployed housing. In
Figure 4-65 the most obvious change is an increase in unemployment in the
underemployed category as shown by the increased underemployed/job ratio UR.

. *The subsidy is generated in the model by setting TPCS = 100 in Equation 147.1 in Appendix A. The effect
is introduced by way of Equation 147 into Equation 8 where it influences Equations 7, 27, and 40.
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Figure 46 Tax subsidy of $100 per capita per year.

In Figure 4-6¢ the underemployed-arrival rate UA increases, while the under-
employed-depariure rate UD first decreases and then returns approximately to
its initial value.

Figure 4-7 summarizes some of the more significant changes taken from the
tabulation in Figure 4-64. The flow from underemployed to labor UTL has risen
15%. The counterflow from labor to underemployed has risen too, but by a lesser
amount. The underemployed-arrival rate has gone up 10% and the total number
of underemployed has risen 8%.

The increased attractiveness of the area created by the tax subsidy has not
resulied in appreciable changes in the amount of business activity and available
jobs so that the underemployed/job ratio UR has risen 9%, indicating a corre-
sponding increase in underemployed workers beyond available work opportunities.

One of the more unexpected changes in Figure 4-7 is the 8% increase in the
tax ratio needed TRN from internal sources within the city. This is caused by
the increased tax demands generated by the greater number of underemployed
under circumstances that have produced no appreciable change in the assessed
value of property within the city.

The changes discussed above suggest that financial support from the outside
may do nothing to improve fundamental conditions within the city and may even
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Figure 4-6 {cont.)
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Time (years)

Variable Symbol -5 50 Change (%)
2. Tax per capita subsidy TPCS 0 - 100 —
b.  Underemployed to labor UTL 16,800 19,300 +15
¢. Labor to underemployed LTU 11,300 11,600 +3‘
d. Underemployed arrivals UA 17300 19,100 +10.
e. Underemployed departures UD 17300 17.500 +1
£ Labor arrivals _ LA 7400 6800 —8.
g Labor departures LD 13,200 14:400 +9:
h. L/U 1.04 98 -6,
I. New enterprise NE ~
2. Mature-blrxrs)iness MB fl’g$ ;’% (1)
3. Declining industry DI 16500 16300 iy
4. Premium housing PH- 110900 112300 +1.
5. Worker housing WH 335600 330,600 ~1.
6. Underemployed housing UH 310100 319,500 +3.
7. Managerial-professional MP 71,100 72:700 +2'
8. Labor L 392600 396800 £
9. Underemployed U 377,300 407,000 +8
10. Manager/housing ratio MHR 1.97 1.08 +I-
1. Labor,/housing ratio LHR 117 1.20 +3.
12, Underemployed/housing ratio UHR - .81 85 +5.
13. Manager/job ratio MR 1.38 1.41 42,
14. Labor/job ratio LR 97 98 +1.
15. Underemployed/job ratio UR 1.81 1.97 +9.
16. Tax ratio needed TRN 2.25 242 +8.
17. Underemployed to lzbor net UTLN 5,500 7,700 +40.

Figure 47 Changes caused by a tax subsidy of 8100 per capita per year (TPCS = 100.).

worsen conditiogs in the long run by causing an unfavorable shift in the propor-
tions of population, housing, and business. In particular, in Figure 4-7 under-

employed population rises, the ratio of labor to underemployed falls, and the
internal tax demands rise.

4.4 Low-Cost-Housing Construction

As a fourth type of urban-management program, the effect of low-cost-housing
construction will now be examined. Low-cost housing here means housing con-
structed for the underemployed and not available to any other segment of the
population. In the basic computer model the only housing available to the under-
employed is the aging and declining housing that is dropping out of the worker-
housing category. The low-cost-housing program considered here is not financed
out of cily tax revenues. It is a gift to the city from the outside, although its
construction makes jobs for the labor and underemployed in the city. As will
be shown in the following computer runs, a low-cost-housing program is much
more detrimental to the fong-run conditions of the urban area than the job
program, training program, or tax subsidy previously examined.
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Figure 48 Construction of low-cost housing each year for about 2.5% of the underemployed.

The low-cost-housing program is established with the intent to build housing
for 5% of the underemployed each year. However (as will be seen in Equations
149 and 150 of Appendix A), the intended construction is influenced by the land
multiplier, which reduces construction as the land area becomes full, and by
available labor. As a consequence the actual low-cost-housing construction LCHP
provides for only 2.7% of the underemployed in the first year, 1.9% in the tenth
year, and stabilizes at 3% in the fiftieth year. Annual low-cost-housing construction
provides on the average for about 2.5% of the underemployed each year. If housing
were coming only from the low-cost-housing program, this would mean a replace-
ment of the housing units each 40 years.

Figure 4-8a shows the effect of introducing such a low-cost-housing program
at year 0. The housing available for the underemployed begins to rise im-
mediately. Because of the increased housing, more underemployed are attracted
to the city and the underemployed population rises for the first 10 years. But
the low-cost-housing program exerts continuous pressure on the available unfilled
land, making the area less favorable for other types of construction. As a conse-
quence worker housing, premium housing, new enterprise, and mature business
all pradually decline. As the business units decline in number, the available jobs
decrease, thereby bringing economic pressure on all categories of the population
and causing them to decrease.



68 Chapter Four

i AMbt LASH LSM M SHLM [LE ]
T %‘l’ 'vBM% Ukj 2 AMMP 1AM LUM NEGR o 3.} Tt
o0 MD uw 3 BDM {LAMP LUR PEM TPCR R
B bP [ H ] bi DM EATM MAH K PHAM " WHAM
L KE uJ 5 DIEM LAUM WAIM PHEM TRN WHEM
(& WL WP & DILM  LCR WA PHGM  UAMM  WHGM
(CHP  NECP  UTL 7  EOM  LOM  MAMP  PHGR  UDM  WHGR
LD I YILN 8 EGM LEM MAPM PHLM UEM WHLM
10¢ Py WP % ELJM  LF@  MATM  PHM  UF§ WM
P TR 10 ELM (R MM PHEM  tHM  WHEM
LI PHEP W11 BM LLF MR PHPM PR WHTH
LIM  PHZ WG 12 EMM DM ME PHTM KR HMUM
L7y SKHD WHCP 13 £TH LMMP MR SHAM UsM
WA SHOP WO 14 LAHM LR W SHOM W
thousands utiits
U 1 I
5. @36, T.806 3TT31 1 W52 1,087  4.05% 384 1060 .805
oo Tle W 1w s UHD o0 1iess e
Laes  n.g49 1T.275 3 1,190 .@5 1.040 T 45 1121 1811
000 713 310,08 5 .93%  .8%  .831 1,569 1,965 1,542
392.55 1,066 208.35 5 .8B6  .ED8  .296 1.000  2.2a8  1.000
7.360 .56 .00 6 1.060 L8718  .306 1.000 936  1.000
J000  .000 16.887 7 1.190  1.681  .307  .000 2,289 009
15207 S5T9.% 5.497 8 1.000 1.073 1,300 .@5 1.078 .25
2536 110.9%  .000 ©  .935  .B15 854 1075 .55 .665
379,15 3,182 210,06 10 655 .470 3.408 998 LS9  1.352
§03.53 000 335.65 11  .768 029  1.069 1,300 .000  .85%
3685 3.155  5.685 12 1.556 66 T.262 8% 811 .808
1349 9.08%  .000 13 .805 464 181 1.378  .276
U855 .00 9.075 14 .830 L9753 1,380 .60 045
. 7.576 Bi7.16 1 .06 1.029 1,018 .306  1.223 689
N (e Toaes 2 w7 .8 658 .01 1350 .67
AT 5291 21,688 3 138 605 916 1OST 1OV 2141
1000 6a.2% STe.6T & 9k LB51  .B69 2036 1.9 1,636
390,07 .08 TN 5 TR T8 2T1 .8 2.6 .95
6556 5w 00 6 1223 8% 260 938 .813 94T
B2 000 15226 7 133 1853 291 -.008 2,595 -,00
%463 0.8 .02 8 .80 1028 1300 436 1,028 36
22.21 10058 000 5 .95 8% 831 L8 A7 a3
3G 2.217 198,57 10 Sh 119 3.877 1280 1728 1,670
3§5.55 L00p 31875 11 500 L030  1.I31 1300 01 .51
3416 3lBE 3.20 12 1S 396 12T LB LT
M52 W36 000 15 .01 AT a7 1S LR
96 000 10,701 4 L8010 .91 1412 1,86 .04
50. 01T, W07 ST 1 45y 1219 1LIST 350 1000 .62
BaBl 27 1088 2 A 5@ L6 -.001 1ag1 e
Be1 383 1611 3 12l 9% T2 LI L 2351
o 56,94 850,61 4 . . . . . .
sl 3% Tas.es 5 883 .93 L300 .99 3.056 .ggg
B50 267 00 6 1O 5 231 9B LI 5%
105 000 11.2%0 7 1278 LI 28 -.005 2,208 .00
s.88 WS, 3@ 8 991 10T 126k L2 1076 .70
25,25 73.8% 000 9 BT LB0D B3 1.0 MO LG22
269067 2.007 163.06 10 .01 118 3.5 98 2097 1411
22,90 000 23107 11 6D 02T 1067 .26 .00 .83
2451 2,07 3.6 T2 nS0 ae 12bh L83 551
Ta TG00 000 13 LTS e R LeT L0
390 000 6,523 & .20 .982  1.375  1.8%7 .
-------- (@)

Figure 4-8 (cont.)
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Figure 4-8b shows changes in the significant system ratios. The underemployed/

Job ratio drops slightly at first because of the jobs created by construction of

low-cost housing. But as soon as the population begins to increase to fill the newly

available housing, the underemployed/job ratio rises sharply from the initial value
of 1.81 to become 2.14 at the tenth vear and 2.35 at the fiftieth year. Because
underemployed housing increases while at the same time rising economic pres-
sures cause the population to decline, the underemployed/housing ratio falls
steadily over the 50-year period. Because of the nising ratio of underemployed
to other classes of population, and the declining tax base, the tax ratio needed
increases as a result of the low-cost-housing program.

Figure 4-8¢ shows some of the system rates. Slum-housing demolition increases

to reach a new equilibrium consistent with the rate of construction of low-cost
housing coupled with the continued inflow of dwelling units from the aging
process in the worker-housing category. Between year 0 and year 10 the under-
employed-arrival rate into the area increases while the underemployed-departure
rate temporarily decreases. This causes an increase in the underemployed popula-
tion until the worsening economic conditions cause a reversal.

Figure 4-9 shows values of variables before and after 50 years of low-cost-
housing-program construction and the percentage change occurring over the
30-year period. The slum-housing-demolition rate increases because, eventually
in equilibrium, all of the new construction is matched by ofd units that are taken
down. The underemployed population falls 1% while underemployed housing
rises 45%. Worker housing declines 31% while the labor population falls 30%.
The underemployed/job ratio worsens by rising 30%. The underemployed/
housing ratio, which was already below normal, falls another 32%. The tax ratio
needed increases 36% while new enterprise falls 49%, mature business falls 45%,
and declining industry falls 6%.

The low-cost-housing program brings additional pressure on the land area. It
attracts people in the underemployed category, making the population proportions
within the urban area even more unfavorable than in the normal stagnant condi-
tion. The higher land occupancy, unfavorable population ratio, and rising tax
rate all combine to reduce the kinds of new construction the city needs most.
An examination of Figure 4-9 shows remarkably large changes in an unfavorable
direction. In comparison to what sounds like an innocuous 2.5% housing-construc-
tion rate for the underemployed, the results are unfavorable for all categories
of population. The housing program, aimed at ameliorating conditions for the
underemployed, has increased unemployment and has reduced upward economic
mobility both in absolute numbers and as a percentage of population. Figure
4-9 shows that the net underemployed-to-labor flow rate UTLN has fallen 31%.
Upward mobility as a percentage of the underemployed has decreased from 1.5%
in the normal stagnant city to 1% after inauguration of the low-cost-housing

program.

The preceding computer runs have examined programs that provide jobs,
training, an external tax subsidy, and low-cost housing for the underemployed.
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Time (years)

Variable Symbol -5 50 Change (%)
a. Low-cost-housing program LCHP 0 11,100 —
b. Worker-housing obsolescence WHO 9,100 6,500 28,
¢. Slum-housing demolition SHD 9,100 17,100 +88.
d. UH/SHD = underemployed-
housing life 34. 26. —24,
¢. Underemployed to labor UTL 16,800 11,200 —33.
f Labor to underemployed LTU 11,300 7,400 —35.
g Underemployed arrivals UA 17,300 14,300 —17T.
h. Underemployed departures uD 17,300 16,800 -3.
i. Labor arhivals LA 7,400 4.600 —38.
j. Labor departures LD 13,200 9,900 —25.
k. L/U 1.04 73 —30.
1. New enterprise NE 4,900 2,500 49,
2. Mature buginess MB 7.800 4,300 45,
3. Dedlining industry Di 16,500 15,500 —6.
4. Premium housing PH 110,900 73,300 —34,
5. Worker housing WH 335,600 231,200 -31
6. Underemployed housing UH 310,100 450,600 +45.
7. Managerial-professional MP 71,100 46,900 —-34.
8. Labor L 392,600 272,900 ~30.
9. Underemployed U 377,300 372,600 —~L
10. Manager/housing ratio MHR 1.07 1.07 ?
11. Labor/housing ratio LHR 1.17 1.18 +2.
12. Underemployed/housing ratio UHR 81 .55 —-30.
13. Manager/job ratio MR 1.38 1.38 °
14. Labor/job ratio LR 97 93 —;0.
15. Underemployed/job ratio UR 1.31 2.35 +30.
16. Tax ratio needed TRN 2.25 3.06 +36.
17. Underemployed to labor net UTLN 5,500 3,300 -3L

i i . deremployed
49 Changes caused by low-cost-housing program that builds for about 2.5% of the ua
Figre & Y each year (LCHPC = .0%).

The results range from neutral to detrimental. These computer runs disclose
possible reasons for the futility and frustration that characterize urban-devel-
opment programs. They demonstrate the counterintuitive nature of complex social
systems by showing that intuitively sensible policies can affect adversely tht? very
problems they are designed to alleviate. Commonly in complex systems a v1c1§){us
cycle develops in which the action erroneously assumed to be corrective ma es
the problem worse and the worsening calls forth still more of the presume

remedial action, which only further aggravates the situation.

5 Urban Revival

This chapter explores policies that might reverse urban decay. The preceding
chapter showed the harmful effects of constructing low-cost housing. This chapter
shows that constructing worker housing and premium housing can be detrimental
too, but jess so than constructing low-cost housing. The problem of the stagnant
urban area is one of too much housing compared to employment opportunities
and too much old industry and housing compared to new. This chapter, after
exploring several policies, concludes that urban revival requires demolition of
slum housing and replacement with new business enterprise. Only by this shift
from slum housing to new business will the internal mix become healthy.

5.1 Worker-Housing Construction

Figure 4-8 showed how construction of low-cost housing can cause deteriora-
tion. Figure 4-8b exhibits a higher-than-normal labor/housing ratio and raises
the possibility that construction of worker housing might increase the attractive-
ness to labor and lead to improving population balance and readjusting conditions
in the area. The results are disappointing, as shown in Figure 5-1, where the
changing conditions are caused by a worker-housing-construction program that
builds for slightly more than 2% of labor families per year. The amount of desired
construction is expressed as a fraction of total housing units and is influenced
by the worker-housing land multiplier WHLM and the labor availability LCR
(Equations 82, 86, and 138 in Appendix A). As a result the consiruction varies
some from year to year. In Figure 5-1a worker housing rises initially and then
declines. The decline is caused by the reduction in the total number of labor
families, the resulting increased vacancy rate, and the more rapid deterioration
of worker housing into underemployed housing. Figure 5-1g illustrates the result
of regenerative interactions caused by the housing program. Housing construction
increases the land fraction occupied. Land crowding causes a slight reduction
in the construction of new enterprise. Declining enterprise reduces the number
of jobs, which in turn reduces skilled labor. The addition of worker housing has
worsened a fundamental condition already caused by housing for more people
than can find economic opportunity.
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Flgure 5.1 Worker-housing-construction program for about 2.1% per year of the labor families.

Figure 5-15 shows an injtial small dip in the underemployed/job ratio caused
by the work available from the housing-construction program. But as the new
housing becomes available, the increasing worker housing reduces occupancy and
causes a more rapid decline of worker housing into underemployed housing,
which attracts underemployed. Because of reduced new-enterprise construction,
industrial activity and available jobs decline in comparison to underemployed
workers. As a natural accompaniment to the falling job opportunities, there js
a relative increase in the amount of underemployed housing as seen in the
declining underemployed/housing ratio. Because of relatively more housing and
relatively fewer jobs, the city probably will show an even more accentuated
condition of underemployed crowding into some dwellings and vacancy in others.
Financial realities force crowding into a fraction of the housing, while the other
housing becomes idle and deteriorates rapidly, though it may remain standing.

In Figure 5-1c¢, as a result of worsening conditions, the underemployed-depar-
ture rate increases while the underemployed-arrival rate decreases, leading to the
falling population seen in Figure 5-1a

In Figure 5-1c the worker-housing-construction rate jumps when the program
is inaugurated and then declines as the land fraction occupied increases and as
normal construction, which was taking place before the special program began,
decreases. As tabulated in Figure 5-2, the special worker-housing-construction
program at year 30 is building 8,340 units per year, but the total worker-housing-
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Time (years)

Variable Symbol -5 50 Change (%)
a. Worker-housing-construction
program WHCP 0 8,340 —
b.  Worker-housing construction WHC 5,880 10,620 +81
c. Premium-housing construction PHC 3,140 2,660 —15.
1. New enter_p‘rise NE 4,900 4,030 —18.
2. Mature business MB 7,800 6,070 =22
3. Declining industry DI 16500 14260 ~13,
4. Premium housing PH 110500 88900 -20.
5. Worker housing WH 335,600 354,600 +6
6. Underemployed housing UH 310,100 341,600 +10.
7. Managerial-professional MP 71,100 58:500 — 18:
8. Labor L 392,600 340,400 —13.
9. Underemployed u 377,300 333,300 —12.
10. Manager/housing ratio MHR LO7 L10 +3
11. Labor/housing ratio LHR 117 96 ~18.
12. Underemployed/housing ratio ~ UHR 81 65 —20.
13. Manager/job ratio MR 138 1.38 o
14. Labor/job ratio LR .97 1.00 +3
15. Underemployed/job ratio UR 181 1.96 +8.
16. Tax ratio needed TRN 225 217 vy
17. Underemployed to labor net UTLN 5,500 3,020 —45.

Figure 52 Changes caused by a worker-housing-construction program (WHCR = .02),

construction rate has increased only 4,740 units per year. This means that the
normal processes of worker-housing construction within the area have declined
by 2,600 units per year. The decline in normal construction illustrates a rather
general characteristic of systems. A positive program to generate some rate of
flow will change the system balance and cause a depression in the normal proc-
esses generating that same rate. The new program is only partly effective because
much of it simply displaces normal processes.

AI.though in Figure 5-2 worker-housing construction has risen 81%, total worker
housing has risen only 6%. The small rise in worker housing is explained by a
reduction in average housing life* (shown in Figure 5-3). Because of the lower

at - 5 years at 50 years
Premium-housing life 35 years 36 years
Worker-housing life 37 years 27 years
Underemployed-housing life 34 years 26 years

Figure 53 Average housing life before and after the worker-housing-construction program.

* Housing Life is the reciprocat of normal-housing-obsolescence rate muitiplied by the cbsolescence multipliez.
For example, premium-housing life is the reciprocal of (PHON) (PHOM). These are given in Equations 79
and 80 of Appendix A. PHON = .03 and, from Figure 5-14 PHOM = 548 at —5 years. The product is
0285, the reciprocal of which is 35 yeass. Similarly, worker-housing life comes from Equations 93 and 94 and
underemployed-housing life from Equations 96 and 97.
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Figare 54 Premium-housing-construction program for about 4.7%

per year of the managerial-professional
families.

occupancy ratios, the housing is declining more rapidly. Although the rate of
housing flow through the worker and underemployed categories is higher, the
actual housing in existence has risen much less than the construction rate might
suggest.

In Figure 5-2 all classes of population have declined. All classes of enterprise
have declined even more. Housing has become more available, but the employ-
ment situation for labor and the underemployed has worsened.

Before starting the worker-housing-construction program, the stagnant city
already had too high a level of housing and population in comparison to its
industrial opportuities. The worker-housing construction has shifted this balance
even further in the wrong direction. The results were not so serious as for the
low-cost-housing program but still do not Iead to urban improvement,

5.2 Premium-Housing Construction

To complete the examination of housing construction, Figure 5-4 shows the
consequence of introducing a premium-housing-construction program. Very little
change is evident except for slight decreases in population and industry and some
increase in the underemployed/job ratio, The changes are smali but detrimental.
Figure 5-5 summarizes the changes in the principal system variables.

&
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________ - N aaits 4, Premium hogsmg PH 110,900 112,100 +1
— ousan : — ) 5. Worker housing ) WH 335,600 336,600 0
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7372 L2800 6 1,115 .gg; ﬁg@r 1.016 2-2{:3 o Construction of housing in any price class through externally imposed programs
L e b 176 1300 5% 1076 .56 seems detrimental to the stagnant city. The reason is fairly clear if the funda-
26T 11666 000 9 2 2 5.33{:’ &= e Rt mental problem of the city is too much housing and too high a population,
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Figure 54 (cont.) In Figure 5-6 the new industry being gencrated is equal to about 1.2% each
vear of the total productive units in the area. Figure 5-6a shows rises in all
population classes and all business categories. Housing increases except for a slight
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Figure 56 (cont.)
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Time (years)

Variable Symbol —5 50 Change (%)
a. New-enterprise-construction
program NECP 0 418 —
b. New-enterprise-construction
rate total NEC 462 704 +352.
I. New enterprise NE 4,900 5,930 +21.
2. Matz_:rtj. business MB 7,800 9,930 +27.
3. Dedlining industry DI 16,500 23,730 +44.
4. Premium hot}sing PH 110,900 126,500 414,
5. Worker housing WH 335,600 331,200 1.
6. Underemployed housing UH 310,100 320,400 +3
7. Managerial-professional MP 71,100 90:400 +27:
8. Labor L 392,600 485,600 +24.
9. Underemployed U 377.300 451,600 +20.
10. Manager/housing ratio MHR 1.07 119 +1L
11. Labor/housing ratio LHR 117 147 +26
12. Underemployed/housing ratio UHR 81 .94 + 16.
13. Manager/job ratio MR 1.38 1.34 -3,
14. Labor/job ratio LR 97 90 i)
15. Underemployed/job ratio UR 1.81 1.51 —17
16. Tax ratio needed TRN 225 236 +5.
7. Underemployed to labor net UTLN 5,500 13,010 +136.

Figure 57 Changes caused by the new-enterprise-construction program (NECR = .02),

incentive for removal of aging structures. Without exploring how the removal
of old structures might be initiated, let us examine the influence of such removal
within the simulation model.

Figure 5-8 shows the effect of demolishing 5% of declining industry each year.
There are improvements in some variables. Figure 5-9 shows the changes caused
by this program. Opening up land by demolition of decaying industry has reduced
substantially the amount of such industry. Both new enterprise and mature
business have increased. Housing has declined slightly, population has declined
more. The increase in new enterprise and the reduction in population have
reduced the tax load so that the tax rate needed has declined 9%.

In Figure 5-84 underemployed jobs UJ have fallen more than the number of
underemployed U so that the underemployed/job ratio in Figure 5-8b is slightly

higher than before the demolition program started. The changes are of mixed
merit.

5.5 Slum-Housing Demolition

To change the city toward having more industry and away from being an
economically ineffective concentration of underemployed housing and under-
employed population, one measure might be the demolition of slum housing,
This could provide area for industrial expansion and might help to rebalance
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Figure 58 Declining-industry-demolition program that removes 5% of declining industry each year.

the population proportions so that the city could escape from its stagnant condi-
tion. To determine whether slum-housing demolition results in favorable changes
for the city, the consequences for the original populations must be examined.

Figure 5-10 shows the extensive changes created by a slum-housing-demolition
program that removes 5% of the underemployed housing each year. Discussion
of such a program does not imply that the demolition of slum housing should
result from active intervention by the city. It might better be accomplished by
changes in tax laws and land zoning,

In Figure 5-10 the slum-housing-demolition program reduces the under-
employed housing to a new equilibrium after 50 years at about half its beginning
value. As land becomes available, new industrial construction is induced and
creates more jobs. Also there is an upsurge in the construction of worker housing
which, along with the additional industry, supports a larger labor force. The
underemployed-arrival rate UA in Figure 5-10¢ changes relatively little, meaning
that the attractiveness of the city is about the same at the end of 50 years as
it was before the beginning of the slum-housing-demolition program. However,
Figure 5-10b shows a substantial compensating change in two of the components
of city attractiveness for the underemployed. The underemployed/housing ratio
UHR has increased, indicating less housing availability. At the same time the
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Time {years)

Variable Symbol —3 50 Change (%)

a. Declining-industry-demolition
program DIDP 0 324 —

b.  Declining-industry demolition
total DID 464 510 +10.
I. New enterprise NE 4,900 6,200 +26.
2. Mature business MB 7,800 9,760 +24.
3. Declining industry Bi 16,500 6,500 —6L
4. Premium housing PH 110,900 113,600 +32.
5. Worker housing WH 335,600 330,600 —2.
6. Underemployed housing UH 316,100 302,300 -3
7. Managerial-professional MP 7L100 70,200 -]
8. Labor L 392,600 355,300 —10,
9. Underemployed U 377,300 346,600 —8.
10. Manager/housing ratio MHR 1.07 1.03 ~4.
11. Labor/housing ratio LER 1.17 1.08 —8.
12. Underemployed/housing ratic UHR 81 76 —6.
13. Manager/job ratio MR 1.38 1.3 + L
14. Labor/job ratio LR 97 .99 +32.
15. Underemployed/job ratio UR 1.81 191 +6.
16. Tax ratio needed TRN 225 204 -9,
17. Underemployed to labor net UTLN 5,500 4,200 —24.

Figure 5.9 Changes caused by a declining-industry-demolition program (DIDR = 195).

underemployed/job ratio UR has declined, indicating improved economic oppor-
tunities for the underemployed that are present. Except for the rising under-
employed/housing ratio UHR, with its implied shortage of housing, it would not
be possible to maintain the more favorable employment conditions represented
by the falling underemployed/job ratio UR. Were housing readily available, the
improved economic conditions in the urban area would attract additional under-
employed from the outside environment until economic conditions had fallen
so far that no additional net inward flow would occur.

Figure 5-11 shows the changes produced by the slum-housing-demolition
program. New enterprise and mature business increase 45%. Declining industry
increases only 9% because the more favorable circumstances for new-enterprise
construction encourage the abandonment and demolition of declining industry.
Premiwm housing increases 30% and worker housing 34%, while underemployed
housing is down 44%. The underemployed/housing ratio has risen 49%, a necessary
crowding accompaniment to the improved underemployed/job ratio reduction
of 33%. The tax ratioc needed TRN has fallen 33%.

Against these improvements in the city as a whole, one must ask what the
slum-demolition program has done to the underemployed population. In the first
10 years, the underemployed population U has dropped from 377,310 to 345,420
(Figure 3-10d), or 8.5%. This has occurred because of the accumulated effects
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of changed flow rates which are, in the tenth year, a decrease of 1,050 men per
year arriving UA, an increase of 2,450 men per year leaving UD, and an increase
of 1,840 men per year in upward mobility UTLN from underemployed to labor.
The population adjustment of 8.5% can be estimated roughly in the same propor-
tion-—1.7% change owing to fewer arrivals, 3.9% change owing to more departures,
and 2.9% change owing to greater transfer to the labor catagory. Only the value
of the increased departure rate could be questioned. Other policies, discussed
in Section 5.7, appea to revitalize a city without forcing a net outward migration
of underemployed.

This slum-housing-demolition program does not incorporate any rebuilding
activity. The natural vitality of the city generates rebuilding once land area
becomes available and various processes start to move toward creating a healthier
economic balance.

But even with the demolition program, the land fraction occupied at the end
of 50 years has risen by 2%. Furthermore, worker housing has increased as well
as premium housing, In Figure 5-10¢ the worker-housing-construction rate
WHCR rose steeply and remained high through the second decade as land area
became available. This suggests that the city is still tending to generate housing
more readily than industry and that some further suppression of housing in favor
of industrial expansion should be explored.
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Time (years)
Variable Symbot ~5 50 Change (%)
a. Slum-housing-demolition program SHDP 0 8,720 -—
b. Slum-housing demolition total rate SHD 9,050 12,100 +34.
€. Worker-housing construction " WHC 5,880 7,860 +34,
d. Land fraction occupied LFG 82 .84 +2.
1. New enterprise NE 4,900 7,100 +45.
2. Mature business MB 7,800 11,300 +45.
3. Declining industry Di 16,500 18,000 +9.
4. Premium housing - PH 110,900 144,700 +30.
5. Worker housing .WH 335,600 450,300 +34.
6. Underemployed housing UH 310,100 174,300 —44.
7. Managerial-professional MpP 71,100 96,000 +35.
8. Labor L 392,600 530,800 435,
9. Underemployed U 377300 316,900 ~16.
10. Manager/housing ratio MHR 1.7 L1 +4.
11. Labor/housing ratio LHR 117 1.18 +1.
12. Underemployed/housing ratio UHR 81 1.21 +49.
13. Manager/job ratio MR 1.38 1.39 +1.
14. Labor/job ratio LR .97 1.01 +4.
15. Underemployed/job ratio UR 181 122 —33
16. Tax ratio needed TRN 225 1.51 —33.
17. Underemployed to labor net UTLN 5,500 5,580 + 1L

Figure 511  Changes caused by a slum-housing-demolition program (SHDR = .05).

5.6 Discouraging Housing Construction

In Figure 5-1 the construction of worker housing depressed activity within the
city. This suggests that less housing construction might be beneficial. Figure 5-12
shows results when a stum-housing-demolition program is pursued and in addition
construction of new worker housing is restrained. The 5% slum-demolition pro-
gram is the same as in Figure 5-10. In addition the worker-housing normal
coefficient WHOCN has been reduced from .03 to .015. This means, if all other
conditions remained identical, that the worker-housing-construction rate would
be reduced by a factor of 2. Of course, other conditions do not remain constant
but shift to partly compensate for the restrictions on new construction. The
reduced coefficient WHCN (see Equation 83 in Appendix A) implies less favor-
able conditions for new construction. In practice these might mean zoning restric-
tions, increasing standards of building construction, a tax structure unfavorable
to such construction, or other urban policies designed to shift the balance from
housing to productive business activity.

A comparison of Figures 5-12 and 5-10 shows that the restriction on worker-
housing construction has increased the labor force, decreased the underemployed,
increased the managerial population, and increased business activity. Figure 5-13
shows the changes from the equilibrium city caused by the slum-demolition
program and the restriction on worker-housing construction. New enterprise and
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Time (years)

Variable Symbol -5 50 Change (%)
a. Slum-housing-demolition program SHDP 0 7,100 -—
b. Slum-housing demolition total rate SHD 9,160 9,500 +4,
¢. Worker-housing construction WHC 5,900 5,100 —14.
1. New enterprise NE 4,900 8,100 +65.
2. Mature business MB 7,800 12,500 +65.
3. Declining industry DI 16,500 19,060 +15.
4. Premium housing PH 110,900 163,800 +-48.
5. Worker housing WH 335,600 456,900 +36.
6. Underemployed housing UH 310,100 142,300 - 54,
7. Managerial-professional MP 71,100 108,100 +52.
8. Labor L 392,600 582,800 +48.
9. Underemployed u 377,300 290,300 —123.
10. Manager/housing ratio MHR 107 L10 +3.
11. Labor/housing ratio LHR 1.17 1.28 +9.
12. Underemployed/housing ratio UHR 81 1.36 +68.
I3. Manager/job ratio MR 1.38 1.40 +1
14. Labor/job ratio LR 97 1.0t 4.
15. Underemployed/job ratio Uk 181 1.02 —44.
16. Tax ratio needed TRN 2.25 132 —41,
17. Underemployed to labor net UTLN 5,500 7,120 +29.

Figure 5-13 Changes caused by slum-housing-demolition (SHDR = .05} and restriction of worker-heusing
construction (WHCN = ,015),

occupying the housing by 10%. The restriction on housing construction has caused
the underemployed/job ratio 1o decrease 16% and the tax ratio needed to decrease
another 13% compared to what the slum-housing-demolition program alone
produced. As a social converter from underemployed to labor, the new conditions
with the worker-housing restriction have caused a 28% increase in underemployed-
to-labor net UTLN.

Figure 5-14 requires some explanation. The results of restricting worker-housing
construction are spread widely through the urban system, many in unexpected
directions. This internal rebalancing to readjust for a policy change is typical of
complex systems. It is also common that the results may be opposite those
expected, as here finding an increase in worker housing when the construction
rate has been restrained. The biggest changes often occur in quite remote places.
In Figure 5-14 the largest percentage change has occurred in the net upward
mobility UTEN. The next largest change is downward, not in worker housing,
which was directiy affected, but in underempioyed housing, which is indirectly
influenced. The third largest change is a decline in the ratio of underemployed
to available jobs, indicating more favorabie economic opportunities. And the next
largest changes are increases in new enterprise and mature business. Worker
housing, which is directly influenced by worker-housing construction, is one of
the four variables least affected.
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Year 50 Year 50

Variable Symbol  Fig. 5-10 Fig. 5-12  Change (%)
1. New enterprise NE 7,100 8,100 + 4.
2. Mature business MB 11,300 12,900 +14.
3. Dedlining industry DI 18,000 19,000 +6.
4. Premium housing PH 144,700 163,800 +13.
5. Worker housing WH 450,300 456,909 +1.
6. Underemployed housing UH 174,300 142,300 -~ 18,
7. Managerial-professional MP 96,000 108,100 413,
8. Labor L 530,800 582,800 +10.
9. Underemployed U 316,900 290,300 —8.
10. Manager/housing ratio MHR L1 1.10 w1
11. Labor/housing ratio LHR 1.18 1.28 +8.
12. Underemployed/housing ratio UHR 1.21 1.36 +12.
13. Manager/job ratie MR 1.39 1.40 +1.
14. Labor/job ratio LR 1.01 1.01 0
15. Underemployed/job ratio UR i.22 1.02 —1s.
16. Tax ratio needed TRN 1.51 1.32 -13.
17. Underemployed to labor net UTLN 5,580 7,120 +28.

Figure 514 Changes caused by restriction on worker-housing constraction only, when added to a slam-
housing-demolition program.

Worker-housing construction is determined by Equation 82 and associated
Equations 83 and 84 (discussed in Appendix A but reproduced here).

WHE K L= (WHC DK (LER LK) 82,R
WHC - WORKER-HBUSING CENSTRUCTIEN CHAUSING INI TS/
YEAR)

WHCD -~ WORKER-HOUSENG CBNSTRUCTIAN DESIRED
(HEUSING NI TS EARD
LCR - LABBR CONSTRUCTIBN RATIZ (D1 MENS {@NLESS)

WHED X ZCWHON) ONH KO (HHMaK) #WHCP X 8344
WHCN=.03 83.1,C

WHCD ~ WORKER-HOUSING CBNSTRUCTIEN DESIRED
(HBUSING UNI TS/Y LARY

WHCN - WORKER-HBUSING CENSTRUCTIEN NBRMAL
CFRACTIEN/Y EARD

L - WIRKER HOUSING (HBUSING UNITS

WHM - WORKER-H@USING MULTIPLIER (Di MENS1BNLESS)

WHCP - WORKER-HEUSING=CENSTRUCTION PRAGRAM
GIAUSING INITS/YEARY

WH MK = CWH AMLKD (HHLMLKY (WHUMLKD (W THLK) CRHEMK) (WHGM.K)  BH,A
(WHF)

WF=1 8441,C
WM -~ WBRKER-HEUSING MULTIPLIER (DIMENSIBNLESS)
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WHAM ~ WORKER-HBUSING-ADEQUALY MULTIPLIER
(DIMENSEANLESS)

WHLM - WORKER-HOUSING LAND MULTIPLIER
CDIMENSEBNLESSY

WHUM =~ WORKER-HBUSING UNDEREMPLEYED MULTIPLIER
(DI MENS 1BNLESS)

T - WORKER-HOUSING TAX MULTIPLIER
(D MENSEBNLESS)

WHEM = WBRKER-HBUSING ENTERPRISE MULTIPLIER
CDIMENS | PNLESS)

WHGM ~ WARKER-HBUSING-GROWTH MULTIPLIER
(DI MERSIBNLESS)

WHF - WARKER-HBUSING FACTAR (DIMENSIBNLESS)

The dominant variables are given in Equation 83 determining the workes-housing
construction desired as the product of WHCN, WH, and WHM. Worker-housing
construction is proportional to the existing housing (representing the size of the
urban area) and to the normal construction rate WHCN. This normal rate is then
modified by the multiplier WHM, which combines the influences of the urban
system on the housing-construction rate. These influences are given by the mul-
tiple product in Equation 84.

Figure 5-15 shows several changes caused when the value of WHCN is reduced
from .03 to .015. When a new equilibrium has been reached, the worker-housing
multiplier WHM has increased 29% to compensate for nearly a third of the
reduction in WHCN. The major changes affecting the multiplier are the worker-
housing-adequacy multiplier WHAM, which has risen 18%, and the worker-hous-
ing underemployed multiplier WHUM, which has increased 7%. The adequacy
multiplier has risen because the ratio of labor to worker housing has increased,
producing a higher demand for housing. The underemployed multiplier is derived
from the ratio of labor to underemployed and indicates a more favorable city
environment for the construction of worker housing. The net result of these
changes is that worker-housing construction WHC has fallen 35% compared to

Year 50 Year 50

Variable Symbol  Fig. 5-10  Fig. 5-12  Change (%)
Worker-housing multiplier WHM 643 827 +29.
Worker-housing-adeguacy

multiphier WHAM 1.57 1.86 +18.
Worker-housing underemployed

multiplier WHUM 935 1.00 +7.
Worker-housing construction WHC 7,860 5,130 —35,
Premium-housing obsolescence PHO 4,260 4,990 +17.
Total rate entering worker

housing 12,120 10,120 —17.
Worker-housing-obsolescence

multiplier WHOM 1.382 1.164 —16.
Worker-housing life 36 yeats 43 years +19.

Figure 515 Changes in the worker-housing variables caused by restsicting construction.
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Figure 516 Demolition of 5% of slum housing each year and business encouragement that increases new-
enterprise constraction 40% over what would have occurred under the same conditions without added incentive.

its rate under a policy of slum-housing demolition alone. However, the premium-
housing obsolescence PHO has increased as a result of the higher rate of construc-
tion of premium housing. This aging of premium housing represents a fiow into
the worker-housing category so that the total rate of flow into worker housing
has declined only 17%. But Figure 5-14 showed an increase in the total worker
housing in existence. The difference is explained by Figure 5-15, which shows
a 19% increase in worker-housing life. The greater pressure to build worker
housing caused by the restrictions on such construction has caused the housing
10 be maintained in the worker-housing category and used by the labor population
for a longer period of time. As was seen in Figure 3-4, the total units in an age
category are proportional to the rate of flow and to the length of time in the
category. The smaller flow rate of worker housing multiplied by the longer life
in the worker-housing category leads to a slight increase in total worker housing.

In Figure 5-12b the slum-housing demolition and the restriction on worker-
housing construction lead initially during the first 10 years to a reduction in the
land fraction occupied LFO. This encourages a rise in new-enterprise construction
which is supported by the rising labor population, the latter generated by new
industry, and by the changing ratio of labor to underemployed. The improving
tax rate, which in Figure 5-13 falls 41%, encourages still more new-enterprise
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Figure 518 Urban-area development with continuous application from the beginning of policies for 5% per
year slum demolition and discouragement of worker-housing construction.

substantial differences between the results obtained here from encouraging new
enterprise and those obtained by discouraging worker-housing construction,

Figure 5-17, compared to Figure 5-13, shows a larger increase, 67%, in npward
mobility UTLN, Underemployed population and underemployed housing have
not declined so much,

In Figure 5-17 the number of underemployed has declined 11%. Figure 5-164
shows how this has been accomplished. During the first 10 years there is almost
no change in either the underemployed-arrival rate UA or the underemployed-
departure rate UD (arrivals have actually increased a little more than departures).
The change in underemployed population is accounted for almost entirely by
the increased net upward mobility UTLN, which in the first 10 vears has risen
from 5,497 men per year to 10,451. After the population stabilizes at 50 years,
net arrivals (UA — UD) have increased by about 4,400 men per year, indicating
that the city has become substantially more effective in aceepting underemployed
and providing an economic climate to generate upward economic mobility into
the labor group.

References here to encouraging new enterprise must be considered in the
context of the particular geographical area to be revived. New enterprise at a
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Figure 5.18 {cont.)

remote point, for example in an industrial belt beyond the suburbs of a city, is
not sufficiently related to the decaying areas to have substantial effect. New
enterprise must compete in the specific aging area with the tendency for excess
decaying housing. The policies discussed in this section must be exercised on a
local basis, not on the basis of a metropolitan area as a whole. Otherwise some
areas will be economically balanced while others will be isolated and decay.
Balance should occur within an area small enough to have communication within
the school system between different economic categories of population. It would
be an area that can be crossed by available transportation during a rush period
in 20 minutes. It appears that a larger area will tend to break up into isolated

blocks of population and industry that are segregated by building age and eco-
nomic effectiveness.

5.8 Preventing Urban Decline
Reviving blighted areas is a task forced on us by earlier failures in urban
management. Preventing blight would of course be beiter than having to cure it.
Many metropolitan areas that are not now conspicuously in trouble are never-
theless following a pattern of full land occupancy with consequent aging and
stagnation that will turn them into the slum areas of the future. More specifically,
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this is a future that can be anticipated for the low-c i
-cost suburban housing d -
ments that sprang up after World War 1L g develop
Policies used for reviving a deca i i
; yed area should, if continuousl applied
prevent decay. With rare and very special exceptions, the ultimate cguﬂfffrium’

applied to a city throughout its growth eriod and

equilibrium conditions as they %o wheIr)z applierd1 tcs>h: ‘;iggir:riugs;h ©oame fnl
Figure 5-18 demonstrates how equilibrium is not dependent on history. In this

ﬁgu.r? the entire growth history of the urban area has occurred under t}:;e same

pohges t'hat were used for revival in Figure 5-12. The final conditions in year

250 in Figure 5-18 and the final conditions in year 50 in Figure 5-12 are gub-

comparing this figure with Figure 3-1 representing growth in the basic systemy).

6 Notes on Complex Systems

This chapter is an interlude to comment on the general nature of complex
systems. Chapter 7 will return to specific consideration of the city and interpret
the material of Chapters 2 through 6 in terms of urban management.

6.1 Nature of Complex Systems

Complex systems have special responses which cause many of the failures and
frustrations experienced in trying to improve their behavior. As used here the
phrase “complex system” refers to a high-order, multiple-loop, nonlinear feedback
structure. All social systems belong to this class. The management structure of
a corporation has all the characteristics of a complex system. Similarly, an urban
area, a national government, economic processes, and international trade all are
complex systems. Complex systems have many unexpected and little understood
characteristics.

Like all systems, the complex system is an interlocking structure of feedback
loops. “Feedback loop” is the technical term describing the environment around
any decision point in a system. The decision leads to a course of action that
changes the state of the surrounding system and gives rise to new information
on which future decisions are based. This loop structure surrounds all decisions
public or private, conscious or unconscious. The processes of man and nature,
of psychology and physics, of medicine and engineering ali fall within this struc-
ture. But the complex system has some special characteristics.

The complex system is of high order. The “order” of a system is determined
by the number of level equations (that is, integrations or states) in the system
description. A company might have separate level variables representing the
employees, the bank balance, the finished inventory, the in-process inventory,
the physical machinery, various psychological attitudes, components of reputation,
and elements of tradition. A system of greater than fourth or fifth order begins
to enter the range here defined as a complex system. An adequate representation
of a social system, even for a very limited purpose, can be tenth to hundredth
otder. The urban system in this book is twentieth order.

107
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A complex system is multiple loop. It will have upward of three or four
interacting feedback loops. The interplay among these loops and the shifting
dominance from one to the other gives the complex system much of its character.

The complex systern has both positive- and negative-feedback loops. The
negative-feedback loop is the one most commonly founcf in the literature of
systems theory and is almost the only one discussed in engineering. But it is the
positive-feedback loop that generates all growth processes, whether they be
biological or economic. Negative-feedback loops are goal-seeking, tending to
regulate the system toward some objective. Positive-feedback loops are goal-
divergent, tending to depart exponentially from some point of uns-ta_ble cqullx_bn
rium. But the positive-feedback character, which gives the positive looP its
growth behavior, comes not only from structure but also from numerous variable
factors around the loop. These factors are often set and controlled by other loops
in the system. As these factors change, the positive-growth loop can be depressed
in its regenerative characteristics and brought to a neutral point marking the
boundary between positive- and negative-feedback behavior. If the Ioop is pushed
" into the negative-feedback region, the loop begins to generate exponential collapse
toward the original reference point from which it was diverging, The behavior
of social systems is intimately related to this interaction between positive- and
negative-feedback processes. For exampie, the large changes seen in Figure 4-9
result from the shift of positive loops into a collapsing mode that finds a new
and much lower equilibrium. -

The complex system is nonlinear. Modern mathematics deals almost faxcluswely
with linear processes. Life and society deal almost entirely with nonlinear proc-
esses. Nonlinear coupling allows one feedback loop to dominate the system for
a time and then can cause this dominance to shift to another part of the system
where behavior is so different that the two seem unrelated. Multiple-loop rca]igx}-
ment along various nonlinear functions makes the complex system highly insensi-
tive to most system parameters. The same nonlinear behavior nrakes the systeimn
resistant to efforts to change its behavior. The nonlinearities, when ur%derstood,
make it relatively easy to produce system models with realistic _dyna:mlc charac-
teristics. Much of our knowledge about system components resides in the range
of nonlinear relationships. Only by dealing forthrightly with the nonlinearities
in. systems will we begin to understand the dynamics of social behavior. Non-
linearily is necessary (o represent the behavior of complex systems. Nonlinearity
is easy to handle once we stop demanding analytical solutions to systems of
equations and accept the less elegant and more empirical apProach of syst'em
simulation. Acceptance of the nonlinear nature of systems shifts our attention
away from the futife effort to measure accurately the parameters of social systems
and instead focuses attention on the far more important matter of system struc-
ture.

Complex systems have characteristics that are commonly un@own. (.Iom?kx
systems behave far differently from the simple systems on which our intuitive
responses have been sharpened. They are different from the behavior studied

Notes on Complex Systems 109

in science and mathematics, where only simple systems have received orderly
attention and analysis,

Complex social systems bring together many factors which, by quirks of history,
have been compartmentalized into isolated intellectual fields. The barriers be-
tween disciplines must melt away if we are successfully to cope with complex
systems. Within the same system we must admit the interactions of the psy-
chological, the economic, the technical, the cultural, and the political. The interac-
tions among these are often more important than the internal content of any one
alone. Yet, if these separate disciplines are isolated in our study and in our
thinking, the interactions will never come into view.

Complex systems have many important behavior characteristics that we must
understand if we expect to design systems with better behavior. Complex systems:
(1} are counterintuitive; (2) are remarkably insensitive to changes in many system
parameters; (3) stubbornly resist policy changes: (4) contain influential pressure
points, often in unexpected places, from which forces will radiate to alter system
balance; (5) counteract and compensate for externaily applied corrective efforts by
reducing the corresponding internally generated action (the corrective program is
largely absorbed in replacing lost internal action); (6) often react to a policy change
in the long run in a way opposite to how they react in the short run; (7) tend toward
low performance. Each of these seven characteristics will now be examined in more
detail.

6.2 Counterintuitive Behavior

The counterintuitive behavior to be expected from complex systems was men-
tioned in Chapter 1 as a major reason for undertaking this study of urban dynam-
ics. All complex systems—whether in engineering, biology, economics, manage-
ment, or politics—can be expected to exhibit this devious behavior.

Chapter 3 has shown, perhaps as a surprise to some, that the rather obvious
processes of growth, aging, and population movements create urban decay. Chap-
ter 4 suggests the even more unexpected result that past programs designed to
solve urban problems may well be making matters worse. Chapter 5 suggests that
policy changes in exactly the opposite direction from present trends are peeded
if the decaying inner city is to be revived.

Intuition and judgment, generated by a lifetime of experience with the simple
systems that surround one’s every action, create a network of expectations and
perceptions that could hardly be better designed to mislead the unwary when
he moves into the realm of complex systems. One’s life and mental processes
have been conditioned almost exclusively by experience with first-order, negative-
feedback loops. Such loops are goal-seeking and contain a single important system
level variable. For example, one can pick up an object from the table because
he senses the difference in position between hand and object and controls move-
ment to close the gap. While many nervous and muscular responses are involved,
the system is dominated by the level variable representing the position of the
hand.
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From all normal personal experience one learns that cause and effect are closely
related in time and space. A difficulty or failure of the simple system is observed
at once. The cause is obvious and immediately precedes the consequence. But
in complex systems all of these facts become fallacies. Cause and effect are not
closely related either in time or in space. Causes of a symptom may actually He
in some far distant sector of a social system. Furthermore, symptoms may appear
long after the primary causes.

But the complex system is far more devious and diabolical than merely being
different from the simple systems with which we have experience. Although it
is truly different, it appears to be the same. The complex system presents an
apparent cause that is close in time and space to the observed symptoms. But
the relationship is usuaily not one of cause and effect, Instead both are coincident
symptoms arising from the dynamics of the system structure. Almost all variables
in a complex system are highly correlated, but time correlation means little in
distinguishing cause from effect. Much statistical and cotrelation analysis is
futilely pursuing this will-o’-the-wisp.

In a situation where coincident Symptoms appear to be causes, a person acts
to dispel the symptoms. But the underlying causes remain, The treatment is either
ineffective or actually detrimental, With a high degree of confidence we can say
that the intuitive solutions to the problems of complex social systems will be wrong
most of the time. Here lies much of the explanation for the problems of faltering
companies, disappointments in developing nations, foreign-exchange crises, and
troubles of urban areas.

6.3 Insensitivity to Parameter Changes

Complex systems are remarkably insensitive to changes in many of the system
parameters (constants in the equations). Social science attempts to measure to
a high degree of accuracy many of the characteristics of psychological and eco-
nomic systems. Yet closed, nonlinear feedback models of those same systems show
little change in behavior even from parameter changes of severalfold. Contem-
plating our social systems indicates that this must be true. The life cycle of
companies follows similar patterns in very different industries and even in differ-
ent countries. Problems in economic development are much the same regardless
of continent, social heritage, or even availability of raw materials. Economic
systems have behaved in about the same way over the last hundred years even
though the developed countries have shifted from agricultural to urban societies,
from independent to central banking, from individual entrepreneurship to large
corporations, and from communication delays of weeks to seconds, In fact, social
systems are dominated by natural and psychological factors that change very
Little,

6.4 Resistance to Policy Changes
Complex systems resist most policy changes. When a change, even a substantial
one, is made in a system, behavior often remains the same. The reasons lie in
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the counterintuitive nature of complex systems and in their insensitivity to param-
eter changes.

A policy is composed of both a structure (that is, what information sources
are selected and how they are used) and parameters (determining how much
influence from the information and how much action). “Policy” here means the
rule that describes how the available information will be used to determine action.
The insensitivity of a system to most of its parameters means that the system
is also insensitive to .most modifications that would be called policy changes,
because often the policy changes are onily changes in degree of information
influence or action. Here lLies the explanation for the stubbomn nature of social
systems. When a policy is changed, the many system levels shift slightly and offer
a new ensemble of information to the policy point in the system. The new
information, processed through the new policy, gives nearly the old results.

6.5 Control Through Influence Points

Complex systems have a high sensitivity to changes in a few parameters and
to some changes in structure. Thus the converse of parameter insensitivity is true
too.

There are a few points in any system to which behavior is sensitive. If a policy
at one of these points is changed, pressures radiate throughout the system. Be-
havior everywhere seems different. But people have not been persuaded or forced
to react differently. As they respond in the old way to new information, their
actions change. (Examples of these have been seen in Chapter 5.)

The parameters and structural changes to which a system is sensitive are usually
not self-evident. They must be discovered through careful examination of system
dynamics.

6.6 Corrective Programs Counteracted by the System

Active corrective programs imposed on a social system can have far less than
their anticipated effect because they tend to displace the corresponding internal
processes. As seen repeatedly in Chapters 4 and 5, the active corrective programs
shift the system balance so that the corresponding natural processes encounter
riore resistance and reduce the load they were previously carrying. For example,
in Figure 4-4 the underemployed-training program processed 19,100 people per
year, and yet the net upward flow from underemployed to labor increased only
11,300. The 60% efficiency of the new program is explained by the decline in the
natural upward mobility that existed previously. This tendency of a system to
resist and to counteract an applied force must be carefully considered. Compen-
sating counteraction can be disastrous if the applied programs are expensive. The
external financing required may be impossible to sustain, Only applied programs
of intrinsic low cost are feasible. Probably no active, externally imposed program
is superior to a system modification that changes internal incentives and leaves
the burden of system improvement to internal processes.
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underemployed population at any one time but a higher flow from the outside
through the underemployed group into the labor group. The balanced city would
serve all sectors of the population more effectively. By accepting a larger flow
of underemployed, the balanced city would contribute more to raising the standard
of living of the surronnding environment by taking in the underemployed and
giving back skilled labor, managers, and industrial activity generated in the urban
area.

It appears from the model simulation results in this book that a better urban
balance can be achieved by altering the laws and policies under which our cities
operate. The change would aim at encouraging a revised pattern of using land
area and replacing old structures. The changes needed in laws and administrative
practices would not require a more coercive legal structure. A new system should
be able to operate with less government encroachment by eminent-domain pro-
ceedings than employed at present for urban renewal. Our present system is
characterized by tax and zoming regulations that encourage private enterprise 10
act in ways that have produced the present degeneration in the older urban areas.
A different tax and legal system should be devised so that actions in self-interest
by land and building owners will produce a city that evolves ioward a new and
better equilibrium condition.

7.4 Maintaining Economic Balance

If the city is to survive as a healthy economic unit and as a satisfactory place
to live, it must be managed under an ensemble of policies that induce constant
renewal at a rate that matches the relentless march of deterioration. By contrast,
present laws, zoning regulations, and tax structures all conspire to produce a city
with declining industry, stum housing, and a population mix that inhibits eco-
nomic revival,

The city, by shifting taxes off those who are already to0 numerous, encourages
a stilt greater influx of the undetemployed, who tip the balance downward in
a spiral of urban decline. By shifting the tax burden onto those who generate
the least municipal costs, who have the greatest mobility, who need not live in
the aging structures, and who have the least reason to remain in the city, the
city encourages the departure of the people and industries most necessary for
its revival. _

By favoring rent ceilings the city often accelerates the deterioration of housing
into the housing classes that are already 100 large for the well-being of the city.

By believing that the problems of the city are beyond its control, the city lays
its problems at the doorstep of a higher level of government and corrective action
is deferred. By asserting that the city is the inevitable recipient of the under-
employed and the misfits from other parts of the country, one creates the impres-
sion that the city is a victim of circumstances. By accepting old structures and
their consequences as a condition of nature rather than as reflections of the legal
and tax structure, people fail to see the true causes of decline. These attitudes
are then used to justify ignoring the fact that the city is creating its own condition.
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Kinds of‘ Industry. The theory of urban dynamics presented here indicates that
the relationship between working and living is basic to urban evolution. If so
the kinds of commercial activity in the area are important. ’
. By encouraging the wrong kinds of industry, the city establishes an unfavorable
balance of trade” in some of its poorer areas. In these areas there is insufficient
product manufactured and service sold to the outside to maintain the inner
community. Local merchants and professional activities, while “commercial” in
nature, do not serve the purpose. They end up selling to the inside and buying
from the outside without themselves generating an “export.” The area tends to
be a net purchaser until the standard of living is driven down to be in balance
with the “export” flow. The “foreign-exchange” problem is similar to that faced
by a developing country. Some commercial activities, such as warehouses occupy
land area but generate very little in payrolls to the community, ,
Policies need to favor industries that are profitable, pay a high wage rate, and
carry on labor-intensive activity. Such industries should be perceived as a preat
service to the community rather than as ones to be penalized and saddled with
the burden of carrying the cost of the urban area they alone are able to revive.
?l"he declining urban area needs to be made an effective part of commercial
interchange. If the people in these areas begin to contribute economically, they

acquire the purchasing power to become consumers and indirectly justify and
generate their own jobs.

Taxefs: Taxes, in the representation of an urban system presented here, affect
mottxhty of people of all classes and the construction of housing and industry.

ny administration has generally not been based on any cost-benefit concept
relating revenue to expenditures within segments of the city. The tax structure
tends to penalize those who can contribute most to the well-being of the city.
while favoring those who generate costs to the city. Such a strong bias tips the
city too far toward population and, within the population, disproportionately
increases the group least able to contribute to a successful city. In the short run,
the conventional tax policies seem humanitarian and appear to be a desirable
social force. But in the long run the policies produce economic decline and trap
in poverty the very people they are designed to serve. And as the balance in
the city shifts toward the underemployed population, the political power shifts
too, giving further dominance to the downward forces. It is characteristic of our
complex social systems that actions that appear to alleviate difficulties in fact often
Produce trouble. As the trouble deepens, the presumed treatment is intensified
in a well-motivated but misguided effort to reverse the process. A spiral develops
which drives the system harder and harder against the crisis limit.

This urban-system study suggests that, if economic balance of the city is to
be realigned, there must be a revision in attitude toward various classes of city
activity.

People are the fundamental generator of municipal expenditure. People require
welfare. People require police and fire departments. People require transportation.
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People use schools. People demand city services. Unless the people are eco-
nomicaily able to support these services and politically responsible for authorizing
them, the urban system is almost sure to be self-defeating. The one facet of a
city most closely identified with people is housing. If the urban theory of behavior
proposed here withstands wider examination and criticism, the present tread to
shift taxation away from housing will need to be thoroughly re-examined. Only
if cost and revenue are closely coupled will the city be responsible in its expendi-
ture. Only if the revenue is highly correlated with the people who require the
expenditure will the city have a self-regulating system which generates a population
able to sustain a healthy city and to pay for the urban services they desire.

The most significant variables seem to be various ratios between industry and
housing, which suggest that the attitude toward industry needs to be substantially
reversed. Industry has been perceived as a politically impotent sector of the city
onto which to load rising demands for revenue. But industry is not without
retaliatory power. It can leave, and it does. It can also shift its mix, leaving the
city with the kinds of industry that contribute least to maintaining urban vitality.
Desirable types of industry should be seen as an asset, as an essential element
in solving the city’s problems, and as a sector of the city to be encouraged through
favorable administrative regulations, zoning practices, and tax policy. Enterprise
of the right kind costs the city very little by its presence. It polices its own internal
land area. It buys water and other utilities. In modern construction built to proper
standards, it demands litile of fire departments. Industry of itself does not require
schools. But on the favorabie side, industry exports the products and services that
generate a favorable balance of trade and make it possible for the area to generate
the revenue necessary for importing the goods needed for survival and gracious
living.

Tax-exempt institutions need to be re-examined. They too should be judged
on the basis of how they contribute to the city’s cost and revenue balance. It
is neither sufficient nor proper simply to contrast the lack of tax revenue from
a tax-exempt institution with the tax revenue which might conceivably come from
a highly taxed industrial complex on the same land area. If the tax-exempt
institution causes the city no expense in its own right and produces no revenue,
then it could almost be perceived as nonexistent. The land area might simply
be subtracted from what is considered to be the city and the institution would
be perceived as neutral. On the other hand, if a tax-exempt institution is estab-
lished in areas that would otherwise contain deteriorated housing, the creation
of the tax-exempt institution may help correct the land-area imbalance of the
city. But, if the institution attracts a population that creates a cost Ioad_ on the
city and does not pay its own way, the institution could be considered detrimental.
In other words, classes of institutions differ markedly in how they affect the
cost-revenue balance of the city. The presence of such institutions, the regulations
under which they operate, and their relation to the city should be examined in
terms of what they do to the long-term revitalization and maintenance of the

city.
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If industrial taxation is seen as a means of encouraging t i
industry and Fhe proper industrial behavior, quite diﬁ"efen% taI;ce sf:fgiietlr:v(fuﬁif
evolve. Taxation should favor high-employment industries that pay high wage
rates. _Prescnt taxation on the basis of falling property value defeats thf;g oal if
replacing declining industry. This suggests a tax rate based on occupied Ialfd area
or on factory floor area. The marginal business, which has already amortized and

residential land in the declini i
relative o roony ratec:mmg arcas, commercial tax rates should be reduced

Quite the opposite of moving toward a payroll tax, the cj i
a tax credit based on salaries and wages paié) tc))q;esidents of tﬁ:%jggfmcgiﬁtr
Th:_s-would serve multiple purposes. It would improve the balance-of—tradé
position of the local area by favoring high-wage industries. By encouraging
empl.oymenf of those living nearby, it would help reverse the city trend toward
ever-increasing costs of public transportation. '

Th1§ urban §tudy suggests the desirability of reversing residential tax trends
The l'ugh taxation of undeveloped land may force housing construction in areas.
whefe it should not occur. Reduced assessments on aging structures favor the
survival of the very structures that should be removed. A flat tax per dwellin
unit, regardless of age or condition, might do much to create internal incentivc%
that would maintain a favorable residential balance in the urban area. Some form
of personal-residence-amortization deduction against personal income tax might
produc:e 2 favorable bias in housing renewal, Assessing the residential tax more
Ezarly ml gli']o;;ortion to tl;e city costs generated by the different classes of popula-

T would neip to control the proportions i i
better serve i penmiol th ﬁasfes, of population classes so that the City can

These' comments about tax structure are included to illustrate the type of
exploration into causes that should be precipitated by a system study. The form
of the final conclusions should come from the resolution of doubts and counter-
proposals.. Tax structure realignments should be devised to help make the city
s.elf-sustammg. The city does not serve an effective social function for any popula-
ton class by putting itself in a position where desirable industry leaves and the
disadvantaged population comes. Such evolution as has occurred in the past
moves the underemployed away from sparsely settled areas that have potential
for economic development into old and declining areas that cannot revive under
the existing mode of operation.

Land Z_om’ng. Just as the tax laws need re-examination, so do the land-zoning
regulations. At the present time zoning favors excess ratios of housing to economic
activity and favors segregation of activities into blocks that are too large for
favorable interaction.

There should be 2 reconsideration of property rights. Do the property rights
of the landowner include the right to generate decay which blights the entire
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a less attractive area will have a multiplier lower than 1. As the area becomes
more or less atiractive relative to its surrounding environment, the multiplier value
changes.

In Equation 1 the letters K and L, after the period following the symbol group
for a variable, represent points in time. The equation system is evaluated at
uniformly spaced intervals in time. The “present time™ at any particular point
in the computation is known as time K. Time L is the forthcoming period at
which the equations are next evaluated and time J is the previous instant at which
they were last evaluated. Rates of flow are presumed to be constant during the
intervening time intervals* and cause the levels to change from the value at one
time period to the value at the next time period. The rate of flow UAKL is the
underemployed-arrival rate that will exist during the forthcoming time interval
from time K to time L. As a rate of flow, it depends on constants and on system
levels, not on other rates. All three of the variables on the right-hand side of
Equation 1 are system levels.

Equation 2 describes the perception by the outside underemployed of the
attractiveness of the particular urban area. The perceived value will be different
from the true value when attractiveness is changing. The true value is generated
in Equation 3, but Equation 2 generates a time delay representing the time for
the image of the urban area to change in the minds of those who might migrate
from a distant point. The perception-time delay is here taken in Equation 2.2
as 20 years. In an earlier day the delay would perhaps have been longer. At the
present time, with television and more rapid communication, the time might be
somewhat shorter.

AMMP JCANMP. S DT/AMMP T) CAMM..J =AMNP,J) 2,b
APz 2.1,N
AMMPT=20 2.2,L

AMMP  ~ ATTRACTIVENESS~FBR-MIGRATIGN MULTIPLIER
PERCEIVED (i MENSIBNLESS)
AMMPT ~ ATTRACTIVENESS~FOR-MIGRATION-MULTIPLIER

PERCEPTIBN TIME (YEARS)
AMM - ATTRACTIVENESS=-FER-MIGRATIGN MULTIPLIER

(DI MENSIBNLESS)

Equation 2 is listed as a level equation but actually combines within itself a
rate equation which causes the level AMMP to change. The perceived value
AMMP is always moving toward the true value AMM. The rate at which it moves
depends on the difference between AMM and the value of AMMP. This differ-
ence is divided by the perception time AMMPT to create the rate of change in
the perceived value. )

All level equations must be given initial values. The level equations fully

*The time interval between successive evaluations of the equation set is made shott enough so that the
assumplion of constant rates in the intervening interval is satistactory.
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determine the existing condition of the system and must have values from which
to start the computation sequence. Equation 2.1 with a value of 1 says that the
perceived attractiveness of the city is initially normal.

Equation 2 describing a system level is not represented in Figure 2-4 showing
the principal levels. The perception delays will affect the transient responses of
the system but will have no effect on equilibrium values. In equilibrium the
perceived value AMMP will be equal to the true value AMM, because, if AMM
does not change, the delayed value AMMP will move toward it and take on
essentially the same value.

The true present value of attractiveness to the underemployed is described by
Equation 3. This is the actual, but not the perceived, attractiveness, As seen in
the flow diagram of Figure A-1 the attractiveness-for-migration multiplier AMM
is generated by 6 inputs. Five of these are active system variables and the sixth
is a coefficient AMF which is available for system experimentation.

In Equation 3 multiplication has been chosen as the most appropriate way to
combine the components of attractiveness. This asserts that if one component
doubles in value the attractiveness variable doubles, regardless of the values of
the other variables. Under extreme conditions this formulation might be open
to some question. However, it seems far more suitable than combination by
addition. Some of the components of attractiveness are sufficiently influential that
by themselves they can effectively suppress inward migration. A linear additive
formulation would not be able to give this dominant position to one of the
component influences. As written in Equation 3, any one of the multipliers
becoming 0 will cause the attractiveness multiplier AMM to become 0 regardiess
of the values taken on by the other inputs.

AMM K= CUAMMLKY (UMLKY CPEMLKY CUIMLKD CUHPM LK) CAMF) JyA
AMF=1 3a1,0

AMM = ATTRACTIVENESS-F@R-MIGRATION MULTIPLIER
CDIMENSHONLESS)
UNDEREMPLAYED-ARR| VALS-MBBILI TY MULTIPLIER
CDIMENSIBNLESS)
HM - UNDEREMPLOYED/HBUSENG MULTIPLIER
CDIMENSIBNLESS)
PEM  « PUBLIC~-EXPENDITURE MULTIPLIER
(DI MENSIBNLESS)
WM - INDEREMPLAYED/JBB MULTIPLIER
CDI MENS IBNLESS)
LHPM - UNDEREMPLAYED-HOUSING-PRBGRAM MULTIPLIER
(DI MENS IZNLESS)Y .
AME ATTRACTIVENESS -FBR-~MIGRATIEN FACTRR
(DFMENSIBNLESS)

UAMM

All system formulations are to some extent a compromise. The test is one of
adequacy and a balance between the simplicity of modeling and the complexity
of real life. The multiplicative arrangement of Equation 3 seems to be a sub-
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stantial improvement gver linear addition in matching the system being repre-
sented. Going further into some form of multidimensional arbitrary table of
values does not appear justified.

The input multipliers to the attractiveness—for—migration multiplier AMM are
generated in table look-up operations to allow for nonlinear relationships between
the source variables and their influence on aitractiveness.

Equation 4, which describes the effect of upward economic mobility on attrac-
tiveness of the area, is such a table fanction,

UAMM.K =TABLEC UAMMT, Ut oK , 0,4 15, , 025) U,A
VAMMT= o3/, 7/1/142/1.3/10471.5 51,7

UAMM - UNDEREMPLBYED-ARRIVALS-M’(]BILITY MULTIPLIER
COIMENSONLESS)

UAMMT = lNDEREMPLﬂYEﬂ-ARRIVALS-M‘!B!LI TY-MULTIPLEER
TABLE

UM = UNDEREMPLAYED maB7L)TY (FRACTIBN/YEAR)Y

The table range is from 0 to -15 in steps of .025 in the variable UM. The output
of the table yields the underemployed-ardvals-mobility multiplier UAMM. This
table appears graphically in Figure A-2. The value of UM, available from else-
where in the system, is used to enter along the horizontal axis. Going vertically
to the curve and reading the value on the vertical axis yields a valye of UAMM,
Interpolation between valyes in the table is done along straight lines connecting
the recorded points. The table UAMMT called for in Equation 4 is specified in
Equation 4.1. The successive values correspond to the range of UM from 0 to
.15 in the specified steps of .025,
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Figure A-2, like most of the funetional relationships used, revolves around the
concept of a normal system. At the normal operating condition the value of the
multiplier is 1. Here an upward mobility of .05 Per year is taken as normal. This
means that 5% of the underemployed each year move into the labor category.
As the mobility declines toward (, the attractiveness multiplier fails from i to
a value of .3, This says that lack of upward mobility can make the urban area
only 30% as attractive as rormal but that this variable by itself is not capable
of exerting enough influence to stop inward migration.

In Figure A-2 the upper section of the curve has been taken as having decreas-

ing slope with increases in the underemployed mobility UM. It is with respect

readily be brought to bear on model formulation. For example, one might argue
that the relationship in Figure A-2 should be curved in the opposite direction,
This would imply that low upward mobility has no decisive effect but that high
upward mobility becomes increasingly infiuential, If such a different relationship
were suspected, the efficient procedure would be to put the alternative assunaption

still greater attraction because more than adequate housing is already available.
At the right end of the curve, when UHR takes on higher values, the severe
crowding and housing shortage becomes a strong influence toward reducing
inward migration. The meaning of “housing” in this context must be taken relative
to the social situation under consideration. If economic and housing circumstances
in the surrounding areas are desperate, housing in the particular area might be

construed as a place to sleep in the street. The meaning of housing in an

UM oK =FABHLC UHMT, UHR. K, 0,2, .25 5,4
MT=2,5/2.8/2.2/1.T/17 87,27, 17,05 5.1,T

Uy - NDEREMPLAY EDHBUSENG MUL T PLEER
CDIMENSTONLESS)

LHMT - LNDEREMPLEYED-HBUS!NG-MULHPLIER TABLE

HR - UNDEREMPLBYEDHBUSI NG RATI@ (DIMENSIBNLESS)
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underdeveloped country might be quite different from the meaning of
housing in an American city. Similarly, were the model to be used to represent
a gold-rush camp, housing might mean a tent and would be represented by a
table having relatively less influence compared to the economic promise.

Some social scientists who read the typescript of this book have objected to
this housing multiplier on the basis that studies show that housing is not a strong
determinant in regulating urban migration of the underemployed. Such an
empirical fact and the curve in Figure A-3 are not necessarily contradictory. The
computer runs for the stagnant city show operation toward the upper knee of
the curve in the lefi-hand region where there is unoccupied housing in the city
at the low end of the economic scale. In this region to the upper left, the curve
in Figure A-3 levels out and migration is not sensitive to housing. The observed
lack of sensitivity appears to come, not from lack of potential influence from
housing, but from the tendency of the stagnant system to operate in a region
where housing has lost its dominance.

Equation 6 defines the underemployed/housing ratio UHR on which Equation
5 depends. It is the ratio of the underemployed population to the total number
of people that could normally be housed in the existing underemployed housing.
The underemployed family size UFS is defined in Equation 9. It has a value
of 8, representing the ratio of total underemployed population to those defined
as underemployed for job-seeking purposes. The underemployed-housing popula-
tion density is taken as 12 persons per housing unit. A housing unit is the same

R K=CUK*UFS) 7 CUM ook LHED) 6,A
tHPO=12 61,0
(HR - NDEREMPLOYED/HBUSING RATI® (DIMENSISNLESS)
U = (NDEREMPLBYED (MEN
UFS - INDEREMPLOYED FAMILY SIZE (PEBPLE/MAND
W - UNDFREMPLRYED HBUSING (HBUSENG UNI 7S)

HPD -~ NDEREMPLOYED-HOUSING PEPULATISN DENSITY
(PEBPLE/HBUSING NI
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physical piece of floor space as it moves from premium housing into worker
housing and deteriorates into underemployed housing. However, its use changes
in the different categories to represent the crowding imposed by economic pres-
sures. The housing unit is taken as normally accommodating 12 persons in the
underemployed population, 6 persons in the labor population, and 3 persons in
the managerial-professional population.

The attractiveness of the urban area has been made to depend on the rate of
per capita public expenditure. Equation 7, which is illustrated in the table of
Figure A-4, shows the assumed dependence. The tax per capita ratio TPCR. with
a value of 1 is taken to represent the public-expenditure rate in the outside
environment. The tax expenditure within the area is relative to the outside
standard. A ratio of 1 gives a multiplier of 1. The curve suggests that the tax
per capita ratio is influential and curves upward. In other words, a tax per capita
ratio of 3 would raise the multiplier to 4. At the low end one can argue that
the curve might be drawn more steeply and actually intercept the horizontal axis
before TPCR falls to 0. At 0, there is no public expenditure. Chaos and anarchy
might characterize the area and effectively repel further immigration to the area,

PEMJK =T ABHLCP EMT, TPCR.K ,0,3,4.5) 7,A
PEMT=.2/46/1/146/2.8/3.2/4 7u1,T

PEM - PUBLIC-EXPENDI TURE MULTIPLIER

(DI MENSIONLESS)
PEMT - PUBLFIC~EXPENDI TURE-MULTIPLIER TABLE
TPCR = TAX PER CAPFTA RATIZ (DIMENSISNLESS)

Equation 8 computes the tax per capita ratio. First the tax collections within
the area are divided by the total population. To this is added any tax per capita
subsidy to the area from outside the system. This total expenditure rate per capita

Jis then divided by the value taken as normal in the outside environment. The

normal is represented as $250 per year per person to cover all public services.

Equation 9 gives total population for use in Equation 8. It takes the three
categories of wage-eamning population, multiplies each by its family size, and
totals the three categories.
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TPCRGKCCTC K /P KO+ TPESP LK) /TPCN 8,A 3
TPCN=250 8.1,C ;} uMT -
TPCR - TAX PER CAPITA RATI@ (DIMENSI@NLESS) 8 Pa 101 4
TC = TAX CBLLECTIONS ([BLLARS/YEAR) e ? i N
P~ PBPULATION CMEN) ¥ ] T
TPCSP - TAX=PER-CAP! TA-SUBSIDY PRAGRAM (DBLLARS/ oy
PERSEN /Y EAR) & T
TPCN = TAX PER CAPITA NORMAL (DBLLARS /Y EAR/PERSENY £
)
=
5
P K =CHP KO CMPESIHCLLKY CLF S2+CLLK) CUFS) 9,4 E'
=]
wrszs 9.1,C 0
o s ! L& 2 25 3
LF§=6 42,0 UR~Underemployed/job ratio
UFsz8 9.3,C Figure A-5
p = PRPULATION CMEND Equation 11 describes the infleence of a low-cost- i isr
W~ MANAGERIAL-PROFESSIONAL (MEN Spaces were accounted for in Equation S, H Wi ha_)usmg program. Living
WPFS - MANAGERIAL-PROFESSIGNAL FAMILY SIZE atises from the | _~quation 5. Here in Equation 11 the attractiveness
CPEBPLE/NAID rom the ow-'cost-h‘ousmg-constructmn activity and the image of aid to the
L - LABER (MEN) underemployed which this creates. [t says that active low-cost-housin t
LFS - LAGIR FAMILY SIZE CPEBPLE/MAD tion creates attractiveness above and beyond i 8 onstruc-
" « UNDEREMPLBYED CMEND units, Thic eyond what arises from the physical housing
S~ INDEREMPLAYED FAMILY SIZE (PEBPLE/MAN) . Tuts. 1nis is partly because of the atmosphere of activity in behalf of the under-
e}:nployed. and also I?ecause the living units will be seen as more attractive than
The underemployed/job multiplier in Equation 10 is an important relationship ! el deteriorated units composing much of the underemployed-housing pooi
in the urban system. Available evidence suggests that job opportunities are liself.
strongly influential in determining regional attractiveness. UHPMK = TABHLC UHPMT, PR K, 0,405, , 01) 1.4
?
UHPMT=1/1,2/1,
UMLK =TABHLC UIMT JUR K 4 0y 3, 025 10,4 MT=1/1:2/145/129/2.4/3 11.1,7
- HPH - WBEREMPLBYED-HBUS[N{;-pRQGRAM 1P
UIMT=2/2/1.9/106/1/06/ 48703/ 0274157 . 1/ 057 402 10.1,T COTMENSIBNL ESS) MULTIPLIER
WM - (NDEREMPLBYED/J3B MULTIPLIER UHPMT ~ UNDEREMPLOYED-HBUS | NG-PROGR AM-HULT1 PL§ ER
¢ DI NENS1BNLESS) WER - pABLE
WHT =~ INDEREMPLAYED/JPB MULTIPLIER TABLE - LNDEREMPLGYED-HGUSENG-PRGGRAM RATE CHBUSES/
R ~ INDEREMPLOYED/JBEB RATIG (DEMENSIBNLESS) YEAR/MAND
3
Equation 10 as shown in Figure A-5 has the standard value of 1 when the w ~H}:{1;M1;L_ o f :K 27
underemployed/job ratio is 1. The curve is steep in this normal region. As the g - Bqant Lo {1 T N
underemployed decline compared to available jobs (at the left) the multiplier 28 T e
tises until, when there are sufficient excess jobs, additional jobs have little more %2-? e ™ ‘1‘“‘
effect. The curve should therefore level out at low values of UR. In the opposite g & [+ I N
direction, the curve descends steeply but with reducing slope. An underem- 3 g et “4{:
ployed/jobratio of 2 reduces to .2 the attractiveness. At a ratio of 3, inward mobility ;? g! -
has been cffectively suppressed. As seen in Figure 3-1, the city during its growth & ' + ] T
phase tends to have insufficient housing and excess jobs. By contrast, the situation 2 NN ]
reverses rather quickly as the land area becomes filled and as aging of the housing ol L LT L i D‘f ‘E
inc;cases- the. available undercmp}oyed l}oﬂsing and underemployed population, UHPR~ Underemployed bous:ng program?:u *
while aging industry reduces available jobs. Figure A%
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Figure A-6 illustrates the relationship in Equation 11. Normal is taken as no
low-cost-housing program. As the program increases in terms of the fraction per
year of the underemployed who are given new housing, the attractiveness of the

area rises progressively more steeply.
The input to Equation 11 is the underemployed-housing-program rate UHPR

computed in Equation 12. This divides the low-cost-housing units per year being
built by the number of underemployed to yield the fraction per year receiving

new housing.

LHPR K =L CHP KUK 12,
HPR  ~ NOEREMPLAYED-HBBUSENG~-PROGRAM RATE (HBUSES/
YEAR/MAN)
LOHP -~ LOW-COST-HBUSING PROGRAM CHBUSING UNITS/
YEAR)

U = UNDEREMPLBYED (MEN

At all times a social system can be expected to have simultaneously an inward
flow and an outward flow. All people are not identical in their preferences. Urban
attractiveness is not seen the same way by everyone. A given level of attractiveness
may be drawing some people in while pushing others out.

UBLKL=CUDND (UKD CUDMKD 13,R
UON=.02 13.1,C
w ~ INDEREMPLRYED DEPARTURES (MEN/YEAR)
UBN  ~ UNDEREMPLAYED BEPARTURES NIRMAL (FRACTIQN/
U - L;EEAEEMPLBYED (MEN

oM - \NDEREMPLAYED=-DEPARTURE MULTIPLIER
(DI MENS HENLESSY

Equation 13 has the same structure as Equation 1. It is the outward flow rate
expressed in terms of the fraction of the existing underemployed population that
would normally leave each year. This normal is then multiplied by the factor
UDM, which determines how the actual outward flow at any particular time is
related to the normal. An ouwtward flow of 2% per year has been inserted to
represent the normal.

The underemployed-departure multiplier UDM is described by Equation 14
and Figure A-7. For lack of more specific evidence the relationship is taken as
the reciprocal of the inward attractiveness AMM. When AMM doubles, the
outward flow is reduced by half and vice versa.

Equation 14 has a technical complication that will be encountered in several
of the other tables. The relationship has a symmetry not on an arithmetic linear
scale but in terms of ratios both above and below 1. In other words, doubling
and quadrupling the value of AMM has the inverse effect of halving and quarter-
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ing. The appropriate scale to give proper weighting to the function i
Ioganthmlc..The term “LOGN” in Equation 14 is a tgunction indicator at.:i ?slet}::
TABl.LE designator itself. It causes the DYNAMO compiler to take the natural
logan-thm of the variable AMM. The multiplier 1.44 converts from the natural
logarithm (base ¢) to a logarithm on the base 2. The table look-up then proceeds
n terms of the value of the base-2 logarithm of AMM. Figure A-7 shows both
the logarithm used in the table and the corresponding value of AMM.

UDM.K=YABHLC UDMT 4 3o §4K LBGNC AMM.K) | 3,3, 1) 14,4
UDHT=8/4/2/1/.5/.25/ 125 T841,T
iy
UM~ NDEREMPLOYED-DEPARTURE MULTIPLIER

L
AMM

CDIMENSIENLESS)
= INDEREMPLBYED~-DEPARTURE-MULTIPLIER TABLE
= ATTRACTI VENESS~FOR-MIGRATIDN MOLTIPLIER
(DI MENSIBNLESS) oLIpLE

Equation 15 is described as the underemplo i i

. ‘ yed birth rate but is actually ¢
net difference between birth rate and death rate. It is one of the flows intg ﬂ}ll:
underemployed level and has the value of 015 of the underemployed each year

UBLKL=CU.K) CUBR> 15,8
s
UBR=,015 1%.1,C
o1y
B - UNDEREMPLBYED BIRTHS (MEN/YEAR)
U = INDEREMPLAYED (MEN
UBR -~ UNDEREMPLEYED BiRTH RATE (FRACTIBN/YEAR)



